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ABSTRACT 


Bionomics  of  the  primary  malaria  vector.  Anopheles  pseudopunctipennis,  in  the  Tapachula 

foothills  area  of  southern  Mexico 


Udefonso  Femdndez-Salas,  Doctor  of  Philosophy,  1992. 

Dissertation  directed  by:  Donald  R.  Roberts,  Professor.  Department  of  Preventive 

Medicine  and  Biometrics,  and  Mario  Henry  Rodriguez,  Adjunct 
Associate  Professor 

Malaria,  the  more  important  vector-borne  disease  in  Mexico,  is  transmitted 
predominandy  by  Anopheles  pseudopunctipennis  in  roughly  two-thirds  of  the  malarious 
areas  of  Mexico.  Included  in  this  report  are  the  results  of  studies  to  clearly  define  the 
relationships  of  humans  to  An.  pseudopunctipennis  mosquitoes  in  foothill  areas  near 
Tapachula,  Chiapas,  Mexico. 

Mark-recapture  methods  were  used  in  studies  of  the  gonotropic  cycle.  A  3-day 
cycle  was  documented  for  wild-caught,  marked  and  released  populations  of  mixed 
physiological  age.  A  4-day  cycle  was  documented  for  marked  and  released  females  that 
were  laboratory-reared.  The  Human  Blood  Index  (HBI),  which  is  the  percentage  of  human 
blood  meals  in  engorged  mosquitoes,  was  greater  than  30%  in  pooled  samples  from  all 
study  sites.  A  shift  from  feeding  on  humans  to  feeding  on  other  animals  occurred  with 
outdoor  host-seeking  populations  after  DDT. was  sprayed  on  house  walls.  Approximately 
60%  of  all  nulliparous  females  required  a  second  blood  meal  to  complete  their  first 
gonotrophic  cycle.  This  phenomenon  greatly  increases  the  capacity  of  this  vector  to  acquire 
and  transmit  malaria. 

During  the  wet  season  most  larvae  were  collected  from  largely  temporary  habitats, 
such  as  seepage  spring,  rainwater  pool  and  pond  habitats  containing  filamentous  algae. 
Coincidentally,  the  largest  numbers  of  mosquitoes  coming  to  human  hosts  were  in  those 
villages  located  closest  to  the  river.  Transects  were  employed  to  quantify  the  seasonal 
dynamics  of  An.  pseudopunctipennis  larvae.  The  primary  factor  was  availability  of  aquatic 
habitats  with  filamentous  algae.  In  hierarchical  order,  habitat  availability  is  regulated  by  the 


quantity  and  turbulence  of  water  flow  in  the  river.  Finally,  water  flow  is  regulated  by 
rainfall  in  the  mountain  and  foothill  areas. 

The  finding  of  the  new  variant  P.  vivax  (PV  247)  antigen  in  wild-caught  specimens 
of  An.  pseudopunctipennis  further  extended  the  geographical  range  of  this  Asian  strain  of 
P.  vivax  malaria. 

Peak  malaria  transmission  rates  and  peak  densities  of  An.  pseudopunctipennis 
mosquitoes  occurred  during  the  dry  season.  The  results  emphasize  the  importance  of  An. 
pseudopunctipennis  as  a  malaria  vector  in  Mexico,  as  well  as  the  need  to  link  entomological 
and  other  types  of  data  to  understand  better  the  epidemiology  of  malaria  in  a  particular 
environment. 
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GENERAL  INTRODUCTION 


Malaria  continues  to  be  a  major  problem  of  many  tropical  developing  countries, 
and  in  recent  years  malaria  has  reappeared  in  many  areas  that  were  freed  of  the  disease  in 
the  1960s  (Bruce-Chwatt,  1985).  More  than  2,073  million  people,  or  40%  of  the  world's 
population  in  approximately  100  countries  and  territories,  continue  to  be  at  risk  of 
contracting  malaria.  Of  a  total  world  population  of  5.16  billion  people,  1.4  billion  (27%) 
live  in  regions  where  malaria  never  occurred  or  where  it  disappeared  without  intervention. 
Another  1.65  billion  (32%)  live  in  regions  where  malaria  has  been  eradicated  through 
control  programs  and  where  it  has  not  recrudesced.  However,  malaria  has  recrudesced  in 
many  areas  where  it  had  been  greatly  reduced  or  even  eradicated.  Roughly  1.62  billion 
people  live  where  malaria  has  returned  as  a  great  public  health  problem.  In  some 
populations,  malaria  is  a  major  problem  because  of  significant  ecological  and  sociological 
changes,  and  this  seems  to  be  true  for  about  1%  of  the  world's  population.  Finally,  490 
million  people  live  in  areas  where  malaria  endemicity  remains  practically  unchanged,  where 
there  may  be  intense  transmission,  and  where  malarial  control  programs  have  never  been 
fully  implemented.  These  unprotected  populations  are  found  mainly  in  tropical  Africa 
(World  Health  Organization,  1991a,  1991b).  The  number  of  cases  officially  reported  to 
WHO  has  been  only  about  five  million  per  annum  for  the  past  three  years  (excluding 
figures  from  the  WHO  African  Region).  More  realistic  estimates  put  the  numbers  of 
clinical  cases  of  malaria  per  year  at  1 10  million,  of  which  90  million  are  from  tropical 
Africa.  Furthermore,  the  number  of  deaths  due  to  malaria  is  estimated  to  be  approximately 
one  million  a  year.  In  1989,  5.2  million  malaria  cases  were  reported  to  the  WHO, 
excluding  Africa,  and  95%  were  from  just  25  countries.  Half  of  all  these  cases  were 
registered  in  just  2  countries;  viz.,  India  (39%)  and  Brazil  (11%)  (World  Health 
Organization,  1991a,  1991b). 

In  the  Americas,  an  estimated  278  million  people  were  living  in  malarious  areas 
in  1990.  Morbidity  from  malaria  was  149.67  per  100,000  people,  while  in  1974, 
morbidity  was  only  49.37  per  100,000  inhabitants.  Furthermore,  more  than  one  million 
cases  have  been  registered  in  the  Region  during  each  of  the  last  four  years  (Pan  American 
Health  Organization,  1991).  These  statistics  are  indicative  of  destabilized  and  deteriorating 
conditions  that  will  adversely  impact  the  governments,  societies  and  economies  of  the 
whole  region.  Overall,  53.5%  of  all  malaria  cases  were  reported  from  Brazil,  and  24.3% 
from  the  countries  in  the  Andean  Region;  viz.,  Bolivia,  Colombia,  Ecuador,  Peru  and 
Venezuela.  Mexico  accounted  for  4.2%  of  all  cases  in  the  Americas  in  1990  (Pan  American 


Health  Organization,  1991). 

As  recently  as  1989,  Mexico  accounted  for  approximately  10%  of  all  malaria 
cases  in  the  Americas  (Rodriguez  and  Loyola,  1989).  The  increased  numbers  of  malaria 
cases  in  Mexico  began  in  the  late  1970s,  with  a  peak  of  133,698  cases  occurring  in  1985 
(Fig.  1).  This  trend  was  reversed  in  1986  through  application  of  integrated  control 
methods  and  a  stratification  of  attack  measures  by  the  Mexican  Secretariate  of  Health. 
Consequently  there  were  56%  fewer  cases  of  malaria  in  Mexico  in  1990  than  in  1989 
(Direcci6n  General  de  Epidemiologfa-Secretarfa  de  Salud,  1991).  Similarly,  16,102 
villages  reported  malaria  cases  in  1989,  while  there  were  34%  fewer  villages  reporting 
malaria  cases  in  1990  (Direccion  General  de  Epidemiologfa-Secretarfa  de  Salud,  1991). 
More  than  99%  of  all  cases  of  malaria  in  Mexico  are  due  to  P.  vivax  infections,  and  most 
cases  occur  in  just  five  states;  viz.,  Guerrero,  Oaxaca,  Chiapas,  Michoacan  and  Sinaloa. 
These  states  are  located  along  the  Pacific  Coast,  which  is  the  most  endemic  region  in  the 
country  (Rodriguez  and  Loyola,  1989). 

As  in  other  countries,  the  recrudescence  of  malaria  in  Mexico  was  due  to 
developmental  projects  in  malarious  areas,  to  influxes  of  migrant  workers,  poorly 
constructed  houses,  insecticide  resistance,  financial  constraints  in  the  government  control 
program,  and  lack  of  personnel  trained  in  malaria  control  (Rodriguez  and  Loyola,  1989) 

A  total  of  25  anopheline  mosquitoes  are  known  to  occur  in  Mexico  (Vargas  and 
Martinez-Palacios,  1955).  Included  in  the  list  of  actual  and  potential  malaria  vectors  is 
Anopheles  albimanus  Wiedemann,  An.  pseudopunctipennis  Theobald,  An.  vestitipennis 
Dyar  and  Shannon  and  An.  darlingi  Root  Based  on  their  geographical  distribution,  An. 
albimanus  and  An.  pseudopunctipennis  are  considered  to  be  the  primary  vectors  throughout 
most  of  Mexico.  The  former  is  found  on  the  plains  of  the  Pacific  Coast  of  southern 
Mexico,  the  Mexican  Gulf  and  the  Yucatan  Peninsula  region.  Populations  of  An. 
pseudopunctipennis  are  found  throughout  most  of  the  Mexican  territory  at  higher  elevations 
(0  to  2000  m).  This  species  seems  to  be  more  abundant  than  An.  albimanus  in  roughly 
two-thirds  of  the  malarious  area  (Rodriguez  and  Loyola,  1989). 

Anopheles  pseudopunctipennis  was  originally  described  by  Theobald  in  1901  from 
the  Caribbean  Island  of  Grenada.  It  is  native  to  the  Neartic  and  Neotropical  regions,  where 
it  is  found  in  the  southern  half  of  the  United  States,  most  of  Mexico,  throughout  Central 
America  and  in  the  Andean  Regions.  More  specifically,  this  vector  occurs  in  the  South 
American  countries  of  Venezuela,  Colombia,  Ecuador,  Peru,  Bolivia,  Chile  and  the 
Northern  half  of  Argentina  (Fig.  2).  In  the  Caribbean,  it  has  been  found  in  Trinidad  and 
Grenada,  and  recently  it  was  collected  in  Haiti  (Molez,  et  al.,  1987).  Taxonomists  have 
described  five  subspecies  and  one  variety.  The  species-type  is  designated  as  Anopheles 


pseudopunctipennis  pseudopunctipennis  (Knight  and  Stone,  1977).  The  subspecies  are 
distributed  in  four  countries  of  South  America,  levicastilloi  and  rivadeinerai  in  Ecuador, 
neghmei  and  noei  in  Chile;  and  patersoni  in  Argentina.  The  single  variety,  bifoliata,  is 
reported  from  Colombia  (Fig.  2).  Anopheles  pseudopunctipennis  is  thought  to  represent  a 
complex  of  sibling  species  within  its  extensive  geographical  range  (Baker,  et  al.,  1965). 

The  role  of  this  anopheline  as  a  malaria  vector  was  first  reported  from  Panama 
by  Darling  (1910).  He  noted  that  14.8%  (4/27)  of  An.  pseudopunctipennis  mosquitoes 
that  fed  on  a  patient  with  vivax  malaria  became  infected.  Salivary  gland  infections  in  wild- 
caught  specimens  have  been  documented  in  Argentina,  where  0.7  to  2.1%  were  infected 
(Davis,  1927),  and  1.8%  were  infected  in  Peru  (Hayes,  et  al.,  1987);  and  2.2%  of  the 
midguts  were  infected  in  Temixco,  in  Central  Mexico  (Vargas,  1938).  As  much  as  3.16% 
of  wild-caught  females  from  Sinaloa,  in  Northwestern  Pacific  Mexico  were  found  to  have 
P.  vivax  CS -proteins  (Loyola,  et  al.,  1991).  According  to  Aitken  (1945)  and  Boyd  (1949) 
this  species  has  been  incriminated  as  a  vector  of  malaria  in  Guatemala,  Salvador, 

Honduras,  Nicaragua,  Panama,  Venezuela,  Ecuador  and  Bolivia.  Anopheles 
pseudopunctipennis  appears  to  be  responsible  for  most  malaria  transmitted  at  higher 
elevations  (Hackett,  1945). 

This  species  seems  to  prefer  to  feed  on  humans  and  to  rest  inside  dwellings.  In 
Argentina,  Shannon  and  Davis  (1928)  found  that  50%  of  580  females  contained  human 
blood;  Acosta  (1960)  in  Peru  identified  human  blood  in  80.6%  of  indoor  resting  females; 
and  in  Central  Mexico,  Vargas  (1938)  found  that  67.6%  of  244  females  contained  human 
blood.  A  habit  of  resting  inside  of  unsprayed  houses  was  documented  for  this  species  in 
Acatlipa,  a  small  rural  village  in  Central  Mexico  (Gahan,  et  al.,  1947).  Bordas  and  Downs 
(1951)  defined  a  partial  endophilic  behavior  for  An.  pseudopunctipennis  in  unsprayed 
dwellings  by  finding  that  26.3%  of  the  females  resting  on  housewalls  during  the  day  were 
in  an  advanced  stage  of  egg  development.  In  other  words,  they  demonstrated  that  an 
unknown  percentage  of  the  total  population  of  females  rested  inside  the  house  during  part 
or  all  of  the  48-72  hours  required  for  the  gonotrophic  cycle;  this  distribution  of  resting 
females  represents,  by  definition,  some  degree  of  endophilic  behavior.  The  studies  by 
Bordas  and  Downs  were  conducted  in  central  Mexico. 

The  endophilic  behavior  of  An.  pseudopunctipennis  implies  that  this  species  is  a 
good  target  for  control  by  spraying  housewalls  with  insecticides.  However,  physiological 
resistance  to  DDT  has  been  demonstrated  in  Mexico  and  Peru,  which  means  that  more 
expensive  compounds  might  be  needed  to  interrupt  man-vector  contact  (World  Health 
Organization,  1980).  Loyola,  etal.  (1991)  demonstrated  a  higher  excito-repellency  effect 
of  An.  pseudopunctipennis  for  DDT  than  for  Bendiocarb.  Loyola  and  coworkers  (1990) 


demonstrated  that  both  insecticides  induced  some  avoidance  behavior,  however,  the 
proportion  of  indoor  resting  females  with  human  blood  was  higher  in  Bendiocarb- sprayed 
houses  than  in  houses  sprayed  with  DDT.  In  earlier  studies,  DDT  avoidance  by  An. 
pseudopunctipennis  was  documented  for  populations  in  Central  Mexico  by  Martinez- 
Palacios  and  De  Zulueta  (1964). 

Larvae  of  An.  pseudopunctipennis  are  found  in  sunlit  pools  containing  very  clear 
water.  Such  pools  often  develop  in  margins  of  rivers  as  the  flow  of  water  decreases  during 
the  dry  season.  These  optimal  riverine  environments  are  most  frequently  encountered  in 
hilly  or  mountainous  regions.  These  relationships  account,  in  part,  for  the  observation  that 
An.  pseudopunctipennis  populations  are  generally  more  abundant  at  altitudes  above  200  m 
(Hackett,  1945).  Another  characteristic  of  An.  pseudopunctipennis  breeding  sites  is  the 
rather  universal  presence  of  dense  mats  of  filamentous  algae.  The  association  of  larval 
populations  with  filamentous  algae  is  consistent  throughout  the  species'  extensive 
geographical  distribution  from  North  to  South  America  (Shannon  and  Davis,  1927; 
Hoffman  and  Samano,  1938).  Larvae  disappear  when  algal  mats  are  either  flushed  away 
by  heavy  rains  or  when  pools  dry  out  during  a  prolonged  dry  season  (Shannon,  1930). 

Although  An.  pseudopunctipennis  is  an  important  vector  of  malaria  throughout 
much  of  Central  and  South  America,  it  has  been  the  subject  of  relatively  few  studies  in 
recent  years.  A  search  of  the  literature  on  An.  pseudopunctipennis  resulted  in  a  compilation 
of  only  305  articles.  A  similar  search  for  literature  on  An.  albimanus  resulted  in  a 
compilation  of  roughly  2,000  citations  (Frederickson,  1988). 

Only  98  (32.1%)  of  the  305  articles  on  An.  pseudopunctipennis  dealt  directly 
with  some  aspect  of  the  vector’s  biology.  The  remaining  207  references  dealt  with  An. 
pseudopunctipennis  as  a  species  of  secondary  importance  to  some  other  vector  species; 
e.g..  An.  albimanus  in  Mexico  and  Central  America,  or  An.  nuneztovari,  An. 
punctimacula,  An.  argyritarsis  and  An.  oswaldoi.  Some  articles  were  merely  regional 
malaria  reports,  field  mosquito  surveys  or  faunistic  surveys.  References  for  special  topics 
on  An.  pseudopunctipennis  biology  are  listed  in  Annexes  1-8,  and  the  full  bibliography  of 
available  literature  is  included  in  Annex  9. 

Of  the  98  primary  articles  on  An.  pseudopunctipennis  biology,  about  30  articles 
were  concerned  with  biting  behavior  and  the  species'  role  as  a  vector  of  malaria  (Annex  1). 
Nineteen  papers  dealt  with  taxonomy  and  systematics  of  egg,  larval  and  adult  stages 
(Annex  2).  Observations  on  field  evaluations  of  chemical  control  measures,  insecticide 
susceptibility,  physiological  and  behavioral  resistance  and  related  subjects  were  included  in 
14  of  the  98  references  (Annex  3).  A  total  of  16  papers  were  concerned  with  geographical 
distribution  and  distribution  by  altitude  (Annex  4).  Only  six  papers  were  written  about 
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infections  of  P.  vivax  and  P. falciparum  parasites  in  An.  pseudopunctipennis  mosquitoes 
(Annex  5).  Studies  on  the  immatures  were  reported  in  six  papers  (Annex  6),  and  egg 
biology  was  the  subject  of  four  articles  (Annex  7).  The  variable  results  of  colonization 
efforts  were  documented  in  four  papers  (Annex  8).  Nearly  50%  of  the  305  papers 
reporting  information  on  An.  pseudopunctipennis  originated  from  research  in  four 
countries;  viz,  Mexico  (23.6%),  Argentina  (1 1.8%),  Peru  (5.6%)  and  Ecuador  (4.3%) 

Relatively  few  studies  on  An.  pseudopunctipennis  have  been  conducted  in  recent 
years.  In  fact,  only  26  relevant  articles  have  been  published  since  1980.  This  compares 
with  roughly  42  articles  published  from  1960-1969  and  again  from  1970  to  1979.  The 
remaining  196  available  articles  were  all  published  before  1960;  in  others  words,  most  of 
the  scientific  information  on  An.  pseudopunctipennis  was  produced  more  than  30  years 
ago. 

With  the  resurgence  of  malaria  in  Mexico  during  the  1970s  and  1980s,  the  Malaria 
Research  Center  (Centro  de  Investigaci6n  de  Paludismo)  has  served  as  primary  national 
resource  for  malaria  research.  The  Center  is  located  in  Tapachula,  which  is  a  city  in  the 
state  of  Chiapas,  Mexico.  Center  personnel  have  a  continuing  interest  in  entomological 
studies  on  the  biology  and  control  of  malaria  vectors.  Most  entomological  studies  have 
been  on  An.  albimanus,  which  is  an  important  vector  along  the  coastal  plain.  However,  it 
has  become  increasingly  apparent  that  An.  pseudopunctipennis  is  of  equal  or  greater 
importance  in  the  maintenance  of  malaria  transmission  in  Mexico.  Consequently,  there  has 
been  an  increasing  recognition  that  additional  research  on  An.  pseudopunctipennis  biology 
is  needed  to  support  the  goals  and  objectives  of  the  National  Malaria  Control  Program. 

This  has  occurred  simply  because  An.  pseudopunctipennis  is  more  widely  spread  than  An. 
albimanus,  and  because  comparatively  little  is  known  about  its  susceptibility  to  malaria 
infections,  vectorial  competence,  insecticide  resistance,  behavioral  response  to  insecticides, 
adult  longevity  or  larval  biology. 

The  present  dissertation  includes  observations  and  results  of  studies  on  four 
parameters  of  An.  pseudopunctipennis  biology,  as  follows: 

1.  Length  of  the  gonotrophic  cycle  and  adult  longevity 

2.  Bloodmeal  patterns  and  Human  Blood  Index  (HBI) 

3.  Dynamics  of  adult  populations,  host-seeking  behavior  and  malaria  infection  rates 

4.  Characteristics  of  breeding  sites,  and  abundance  of  larvae 

These  topics  are  covered  in  chapters  2, 3,4  and  5,  which  constitute  the  body  of  the 
dissertation.  Each  chapter  is  written  in  publication  format;  consequently  there  is  some 
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redundancy  in  the  introduction  and  materials  and  methods  sections. 

The  research  described  herein  was  conducted  in  a  foothill  area  near  Tapachula, 
Mexico  during  1990  and  1991. 
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Source:  Pan  American  Health  Organization,  1991.  Status  of  Malaria  Control 
Programs  in  the  Americas.  XXXIX  Report,  Washington,  DC. 


Figure  2.  Geographic  distribution  of  Anopheles  pseudopunctipennis 
including  five  subspecies  and  one  variety. 


An.  pseudopunctipennis  pseudopunctipennis 
Grenada  Island-Type  Locality 


var.  bifoliata  (Colombia) 
spp.  levicaslilloi  (Ecuador) 
spp.  rivadenerai  (Ecuador) 


spp.  neghmei  (Chile) 
spp.  noei  (Chile) 
spp.  pater  soni  (Argentina) 


CHAPTER  2 


Gonotrophic  cycle  and  survivorship  of  Anopheles  pseudopunctipennis  (Diptera: 
Culicidae)  in  the  Tapachula  foothills  of  southern  Mexico 
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INTRODUCTION 


Anopheles  pseudopunctipennis  Theobald,  1901  is  the  primary  vector  of 
malaria  in  nearly  two-thirds  of  the  malarious  areas  of  Mexico  (Rodriguez  and 
Loyola,  1989;  Vargas,  etal.,  1941).  This  anopheline  typically  inhabits  hilly 
regions,  where  it  breeds  abundandy  during  the  dry  season  in  isolated  pools  of 
rivers  and  streams.  The  larvae  are  generally  found  only  in  sun-exposed  pools  with 
dense  mats  of  filamentous  algae  ( Chladophora  and  Spirogyra  spp.).  This 
phytoecological  association  is  very  strong  and  is  a  good  predictor  of  An. 
pseudopunctipennis  breeding  sites  (Savage,  etal.,  1991;  Rejmanikova,  etal., 

1991,  in  press). 

Although  An.  pseudopunctipennis  is  an  important  vector  of  vivax  malaria 
in  Mexico  and  other  countries  in  Central  and  South  America,  many  important 
aspects  of  its  biology  are  unknown.  Little  is  known  about  the  gonotrophic  cycle  of 
this  vector,  partly  because  a  stenogamic  colony  has  not  been  established  for  direct 
laboratory  observations.  Additionally,  many  types  of  field  studies  on  adult  An. 
pseudopunctipennis  are  difficult  because  of  characteristically  low  adult  population 
densities  in  the  field  (Chapter  4). 

To  better  understand  the  biology  of  this  important  malaria  vector,  the 
field  biology  of  An.  pseudopunctipennis  was  studied  from  1989  through  the  dry 
season  of  1991  in  the  Tapachula  foothills  of  Mexico.  The  number  of  days  required 
for  completing  the  gonotrophic  cycle,  the  per  cent  of  females  that  undergo  pre- 
gravid  development,  and  the  natural  parity  and  daily  survival  rates  were  defined  in 
the  course  of  this  investigation. 


METHODS  AND  MATERIALS 


Description  of  Study  Area 

The  Tapachula  foothills  are  located  approximately  20  km  northeast  of  the 
city  of  Tapachula,  in  the  state  of  Chiapas,  Mexico.  The  study  sites  are  located  in 
the  foothills  of  the  western  Pacific  slope  of  the  Sierra  Madre  mountain  range.  Most 
malarious  villages  are  in  the  coffee-growing  area  at  elevations  of  300-700  meters. 
The  Coatan  River  cuts  through  the  foothill  region,  and  the  study  sites  were  located 
along  the  river's  margin  (Fig.l).  The  river  is  bordered  by  hills  where  human 
settlements  have  been  established.  El  Plan,  a  village  of  340  inhabitants,  is  close  to 
the  study  site  and  is  the  most  malarious  village  along  this  stretch  of  the  river.  A 
steep  path  of  300  meters  goes  up  from  the  river  to  El  Plan. 

The  average  annual  rainfall  in  the  study  area  is  3800  mm.  There  is  a  well 
defined  wet  season  from  May  to  late  November,  and  a  dry  season  from  December 
to  April.  The  mean  annual  temperature  in  the  foothills  is  25  °C.  The  cooler  months 
are  December  and  January,  when  minimum  temperatures  of  13-16  °C  are  observed 
between  22:00-06:00  hours.  Humidity  remains  at  90-95%  at  night,  even  during  the 
dry  season.  Prevailing  winds  of  less  than  one  km  per  hour  are  North  to  South. 
Studies  included  in  this  report  were  conducted  during  the  dry  season,  and  there 
were  no  heavy  rains  during  the  reporting  period. 


Study  Plan 

Engorged,  wild-caught  An.  pseudopunctipennis  females  were  employed 
in  mark-release-recapture  studies  to  define  the  length  of  the  gonotrophic  cycle.  For 
the  purposes  of  this  study,  we  defined  the  length  of  the  gonotrophic  cycle  as  the 
number  of  days  from  one  blood  meal  to  the  next. 

Engorged  females  were  collected  from  a  horse-baited  trap  during  the 
night,  marked  with  fluorescent  powder  and  released  at  sunrise.  Three  full-night 
collections  were  made  in  sequence,  and  females  were  marked  with  different  colors 
on  each  of  the  three  mornings.  Attempts  to  recapture  marked  specimens  were 
continued  for  the  next  9  nights. 

There  were  differences  in  average  ambient  temperatures  from  early  dry 
season  (December-January)  to  late  dry  season  (March- April).  Uniform  studies  were 
conducted  during  both  periods  to  determine  whether  differences  in  the  lengths  of 
the  gonotrophic  cycles  were  comparable  to  differences  in  ambient  temperatures. 
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Because  wild-caught  females  used  in  these  studies  were  of  mixed 
physiological  age  (i.e.,  nulliparous  and  parous)  we  were  concerned  about  the 
influence  of  physiological  age  on  determinations  of  time  required  for  completion  of 
the  gonotrophic  cycle.  Consequently,  the  effect  of  physiological  condition  on 
gonotrophic  development  was  assessed  by  rearing  adults  from  eggs  of  wild-caught 
females,  and  using  the  reared  adults  in  another  three-day  series  of  mark-release- 
recapture  studies. 

Additionally,  a  cohort  of  wild-caught,  engorged  females  was  monitored 
to  document  the  temporal  progression  of  oogenesis.  The  engorged  females  were 
held  under  field  conditions  in  order  to  replicate  light,  temperature  and  humidity 
cycles  that  might  occur  in  the  vector's  normal  environment.  Batches  of  ten  females 
were  examined  at  six-hour  intervals  throughout  a  60-hour  holding  period.  Each  of 
the  ten  females  per  sample  was  examined  for  a  determination  of  Sella's  stage  of 
blood  digestion  and  then  was  dissected  for  a  determination  of  Christophers'  stage 
of  egg  development  These  observations  served  as  additional  support  of  our 
findings  from  the  mark-release-recapture  studies. 

Results  of  the  mark-release-recapture  studies  and  determinations  of  parity 
rates  of  field-collected  specimens  were  used  to  estimate  the  daily  survival  rates  of 
An.  pseudopunctipennis  females. 


Length  of  the  Gonotrophic  Cycle 

Mark-Release-Recapture  Studies:  Wild-Caught  Females.  In  preliminary 
studies  conducted  in  1990,  we  learned  that  the  numbers  of  An.  pseudopunctipennis 
obtained  from  landing  collections  on  humans  were  not  sufficient  for  a  mark-release- 
recapture  study.  However,  a  horse-baited  trap  could  be  used  to  capture  large 
numbers  of  specimens,  so  we  used  this  method  to  provide  females  for  the  mark- 
release-recapture  studies.  Each  was  constructed  of  mosquito  netting  and  was  3x3 
x  3  meters  in  size.  A  horse  was  tethered  inside  each  active  trap.  Each  of  five  traps 
was  set  in  a  line,  100  meters  apart,  and  20-50  meters  from  the  edge  of  the  river. 

The  horses  were  secured  inside  the  traps  from  1800  h  until  0500  h. 

These  studies  were  conducted  by  two  three-man  teams  working  in  six 
hour  shifts.  The  horse-baited  traps  were  checked  at  two-hour  intervals  throughout 
the  night,  from  1900  to  0500.  Freshly  engorged  females  were  found  resting  on  the 
inside  walls  of  the  traps.  Battery  lanterns  and  mouth  aspirators  were  used  to  collect 
fully-fed  specimens  only.  The  engorged  females  were  placed  in  a  3.785-liter 


cardboard  cage,  along  with  a  small  cotton  pad  soaked  with  a  10%  sugar  water 
solution. 

After  the  last  collection,  at  0500  h,  mosquitoes  were  dusted  using  a 
Pasteur  pipette  and  a  rubber  bulb  to  spray  the  aerosolized  powder  into  the  cage.  A 
different  color  of  fluorescent  dye  (Lumogen  Yellow®  BASF,  Holland,  MI)  was 
used  (red,  green  and  yellow)  for  each  of  the  three  consecutive  nights.  The  marked 
females  were  released  at  site  A  (Fig.  1)  at  0530  h.  Mosquitoes  that  were  unable  to 
fly  were  subtracted  from  the  number  released. 

During  each  of  the  three  release  nights,  subsamples  of  the  wild-caught 
females  (pre-release  populations)  were  dissected  for  parity  determinations  using  the 
Polovodova  technique  (Detinova,  1962).  These  parity  rates  were  subsequently 
used  to  compare  with  rates  observed  in  recaptured  populations.  Christophers'  and 
Sella's  stages  for  each  female  were  recorded  to  measure  changes  in  ovary  follicles 
as  well  as  the  status  of  blood  digestion  (Detinova,  1962).  Uncontracted  ovarian 
sacs  were  checked  as  an  indicator  of  recent  oviposition. 

Mark-Release-Recapture  Studies:  Reared  Females.  A  series  of  mark- 
release-recapture  studies  was  conducted  with  laboratory-reared  progeny  of  wild- 
caught  engorged  females.  The  engorged  females  were  collected  from  horse-baited 
traps,  taken  to  the  laboratory,  and  held  for  48  hours  for  egg  development.  The 
gravid  females  were  stimulated  to  lay  eggs  by  pulling  off  one  of  their  wings  and 
placing  the  mosquito  on  the  surface  of  a  bowl  of  water  (R.  C.  Wilkerson,  pers. 
comm.).  The  eggs  were  subsequently  collected  and  placed  on  the  water  surface  in 
30  x  18-inch  trays.  The  eggs  hatched  and  larvae  were  fed  a  mixture  of  chicken 
food  (®Alpezur),  dry  Spirulina  algae  and  plant  fish  food.  As  pupation  occurred, 
the  pupae  were  collected  and  placed  in  a  60  x  60  x  60-cm  aluminum  mosquito  cage. 
Adult  emergence  took  place  variably  from  early  to  late  night. 

Each  morning  the  newly  emerged  males  and  females  were  sorted, 
counted  and  transferred  to  cardboard  containers  where  they  were  marked  in  the 
same  manner  as  the  field-caught  populations.  In  the  afternoon,  when  mosquitoes 
were  about  18-24  hours  old,  they  were  taken  to  site  B  (Fig.  1)  and  released. 
Individuals  unable  to  fly  were  discarded.  All  females  were  uninseminated  at  the 
time  of  release  as  An.  pseudopunctipennis  from  this  area  will  not  voluntarily  mate 
under  the  specified  laboratory  conditions  (pers.  observation,  IF).  Attempts  at 
recapture  were  initiated  the  first  night  following  release  of  marked  populations. 
Similarly,  a  recapture  period  of  nine  days  was  employed  for  this  series  of  mark- 
release-recapture  studies.  Each  recaptured  female  was  dissected  for  determinations 


of  parity  and  insemination.  In  addition,  1.5  x  1  x  1.5-m  pit  shelters  (World  Health 
Organization,  1975)  were  dug  next  to  each  horse-baited  trap  in  an  attempt  to 
recapture  marked  male  specimens.  Every  morning  the  pits  were  thoroughly 
examined  for  marked  males. 

Length  of  the  gonotrophic  cycle  for  these  laboratory-reared  females  was 
calculated  as  the  number  of  elapsed  days  from  the  time  the  first  blood  meal  was 
taken  to  the  time  that  parous  females  were  recaptured. 

Temporal  Progression  of  Oogenesis 

Egg  development  in  wild-caught  engorged  females  was  studied  under 
field  conditions  during  a  60-hour  observation  period.  A  group  of  150  unmarked 
and  freshly  fed  females  was  separated  from  collections  made  at  intervals  throughout 
the  night.  This  population  was  placed  in  a  3.785-liter  cardboard  container  and 
furnished  with  a  cotton  pad  soaked  with  a  10%  sugar  water  solution.  The  cage  was 
then  placed  in  a  pit  shelter  to  aproximate  the  conditions  of  a  natural  resting  site. 
Midnight  was  taken  as  the  starting  point  of  this  study  (mid-point  of  the  collection 
intervals).  Subsequently,  at  six-hour  intervals  throughout  the  60-hour  observation 
period,  a  batch  of  ten  females  was  randomly  selected  and  dissected  to  record  Sella's 
and  Christophers'  stages.  Temperatures  and  relative  humidity  in  the  pit  shelter  was 
recorded  at  six-hour  intervals.  One  study  was  conducted  for  each  of  the  early  and 
late  dry  season  periods. 

Assessment  of  Pre-gravid  Rates. 

Pre-gravid  development  was  defined  by  Gilles  (1955)  as  a  state  of 
arrested  egg  development  following  a  blood  meal,  which  occurs  in  females  that 
require  more  than  one  blood  meal  for  completion  of  oogenesis.  There  were 
indications  from  our  earlier  studies,  as  well  as  reports  in  the  literature,  that  some 
specimens  of  An.  pseudopunctipennis  required  more  than  one  blood  meal  for 
completion  of  egg  development  (Baerg,  1971;  Darsie  and  Lopez,  1982).  To  study 
this  phenomenon,  we  held  ten  batches  of  wild-caught,  fully-fed  females  in  the 
insectary  for  48  hours  at  24-26  °C  and  relative  humidities  of  60-70%.  Egg 
development  was  completed  during  this  48-hour  holding  period.  The  females  were 
subsequently  anesthetized  with  chloroform  and  examined  individually.  A  specimen 
with  a  whitish  abdomen  was  classified  as  gravid,  whereas  a  Sella  1  female  with  a 
dark  abdomen  was  classified  as  pre-gravid  (Gillies,  1955).  The  same  methods 
were  employed  with  a  second  sample  of  females  collected  over  five  different  nights. 
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In  this  case,  the  pre-gravids  were  dissected  after  the  48-hour  holding  period  to 
document  the  parity  rate  of  pre-gravids.  The  Polovodova  technique  was  used  for 
the  parity  rate  determination. 

A  relationship  between  reduced  body  size  and  multiple  feedings  per 
gonotrophic  cycle  has  been  demonstrated  for  other  anophelines  (El-Akad  and 
Humpreys,  1990).  The  pre-gravid  phenomenon  seemed  a  prominent  component  of 
An.  pseudopunctipennis  population  dynamics.  Consequently,  we  measured  wing 
and  body  length  of  individual  specimens  from  representative  samples  of  gravids 
and  pre-gravids  to  define  the  relationships  of  body  size  to  blood  meal  requirements 
for  egg  production.  Measurements  were  made  by  use  of  a  dissecting  microscope. 
Again,  we  held  blood-engorged  females  under  laboratory  conditions  for  48  hours 
before  they  were  classified  as  gravids  or  pre-gravids  or  before  they  were  measured. 
The  means  of  the  body  and  wing  measurements  of  both  types  of  females  were 
compared  by  a  t-  Test  for  independence  (SYSTAT,  1989). 

Survivorship 

Two  analytical  methods  were  used  to  estimate  adult  daily  survival  of  An. 
pseudopunctipennis  females  in  the  field.  For  Davidson's  formula  (1954),  we  took 

gc  days , - 

the  square  root  of  the  average  parity  rate  (  V parous  rate  )  if  the  gonotrophic  cycle 

was  completed  in  two  days,  or  the  third  root  if  it  required  three  days,  etc.  The 
horizontal  method  employs  transformations  of  natural  log  plus  one  (x+1)  of  daily 
recapture  records  in  regression  analysis  versus  time.  The  antilog  of  the  regression 
coefficient  was  then  used  as  an  estimate  of  survivorship  (Gillies,  1961).  An 
analysis  of  variance  test  for  significant  linear  regression  was  calculated  for  each 
slope  in  each  of  the  nine  marked  series.  Subsequently,  covariance  analyses  were 
calculated  for  differences  between  slopes  for  each  mark-release-recapture  series 
(Zar,  1984).  Survivorship  estimates  for  different  series  were  pooled  if  there  were 
no  significant  differences  between  slopes  (Reisen,  1978). 


RESULTS. 


Gonotrophic  cycle 

Wild-Caught  Females.  In  January  1991  (early  dry  season),  3,31 1  field- 
caught  An.  pseudopunctipennis  females  of  mixed  physiological  age  were  marked 
and  released.  Of  all  released  females,  5.7%  were  recaptured  during  the  nine  days 
of  collections  following  release  of  the  marked  populations  (Table  1).  Numbers  of 
engorged  females  captured  per  day  varied  from  99 1  to  1 ,342  from  a  total  of  five 
horse  traps  (mean  of  1,104  females  per  night  or  221  females  per  trap  per  night). 
Recapture  rates  for  each  of  the  three  released  populations  were  5.1, 5.2,  and  6.9  %, 
respectively.  A  few  marked  females  were  found  during  night  1,  and  two  specimens 
contained  fresh  blood.  The  largest  total  number  of  marked  females  (116)  were 
recaptured  during  night  three  post-release  (Fig.  2).  This  pattern  was  consistent  in 
all  three  released  populations  making  up  the  early  dry  season  series.  A  second 
smaller  peak  could  be  seen  on  day  six  in  the  red  group  (Fig.  2)  and  in  the  pooled 
data  (Table  1). 

A  second  series  of  mark-release-recapture  studies  was  conducted  in  the 
late  dry  season  (April).  A  total  of  3,774  females  was  marked  and  released  on  three 
separate  days.  Of  these,  5.4%  were  recaptured  in  the  horse-baited  traps  (Table  1). 
The  daily  capture  of  unmarked  specimens  varied  from  1 ,060  to  1 ,552  freshly  fed 
females  (mean  of  1,258  females  per  night,  or  252  females  per  trap  per  night).  The 
recapture  rate  for  marked  specimens  varied  from  2.8  to  8.5%.  As  in  the  January 
experiment,  we  recaptured  some  engorged  females  during  nights  one  and  two  post¬ 
release.  Again,  the  largest  numbers  of  marked  females  (115)  were  consistently 
recaptured  during  the  third  night  following  release  (Fig.  2)  for  each  of  the  released 
populations.  Smaller  peaks  at  days  six  and  nine  were  documented  only  for  the  red 
group  of  mosquitoes  (Fig.  2). 

In  the  early  dry  season  series  of  mark-release  studies,  we  recaptured  a 
total  of  seven  marked  females  returning  to  a  host  during  the  first  two  days 
following  their  release.  These  females  contained  partially  digested  blood.  Six  of 
the  seven  females  were  recaptured  during  the  first  24  hours  post-release.  We  did 
not  observe  blood-fed  females  returning  for  a  second  blood  meal  in  the  late  dry 
season  series. 

In  the  early  dry  season  series,  the  first  marked  females  with  uncontracted 
ovarian  sacs  were  recaptured  on  day  three  post-release.  About  25.0%  of  all  188 
recaptured  females  in  subsequent  collections  had  uncontracted  sacs.  In  the  late  dry 


season  series,  we  observed  uncontracted  sacs  as  early  as  the  second  day  post¬ 
release.  An  average  of  21.0%  of  all  204  recaptured  females  in  subsequent 
collections  had  uncontracted  sacs. 

During  the  early  dry  season  series,  in  January,  we  noted  changes  in  pre¬ 
release  to  post-release  parity  rates  of  67%  to  89%  (Table  2).  These  rates  were 
significantly  different  ( X 2  =17.89,  P<0.001).  Rates  during  the  late  dry  season 
series,  in  April,  changed  from  69.1  to  89.0%  ( X 2  =20.95,  P< 0.001). 

Mark-Release-Recapture  of  laboratory-reared  females.  The  2,977 
insectary-reared  females  used  in  these  studies  were  about  24  hours  old  during  the 
first  night  post-release.  Most  of  these  females,  39  (51.3%),  took  a  blood  meal 
during  the  first  night  post- release  (Table  3).  In  total,  only  2.6%  of  the  released 
populations  was  recaptured  during  nine  days  of  collections.  A  small  peak  in 
numbers  recaptured  was  observed  on  day  four  in  each  of  the  three  released 
populations;  coincidentally,  this  was  when  marked,  parous  females  appeared  in  the 
collections.  The  elapsed  time  between  blood  meals  was  96  hours.  After  day  four, 
the  parity  rates  remained  high  in  all  subsequent  collections  for  all  three  marked 
populations.  The  insemination  rate  was  low  in  collections  for  days  one  and  two; 
but  reached  a  peak  (60%)  in  day  three  collections.  Insemination  rates  remained 
stable  through  all  subsequent  collections. 

Although  we  marked  about  2,700  males,  only  three  were  recaptured 
resting  in  pit  shelters  (less  than  0.1%). 


Temporal  Progression  of  Oogenesis 

A  group  of  150  naturally  blood-fed,  wild-caught  females  were  held 
under  field  conditions  and  examined  at  six-hour  intervals  to  document  the  temporal 
progression  of  egg  development  Ten  percent  of  these  females  were  classified  as 
Christophers'  5  as  early  as  42  hours  post-engorgement  (Fig.  3).  During  this  study, 
the  average  temperature  at  midnight  was  17.3  °C,  and  the  average  temperature  at 
noon  was  30  °C.  The  relative  humidity  was  as  high  as  92%  at  night,  and  as  low  as 
52%  during  the  day. 

The  study  was  repeated  in  the  late  dry  season  (end  of  March).  Oogenesis 
progressed  more  rapidly  during  this  test  with  five  of  ten  females  presenting 
Christophers'  stage  5  eggs  as  early  as  36  hours  post-engorgement  (Fig.  3). 


Pre-gravid  Rates 

Approximately  25%  of  1,026  naturally  blood-fed,  wild-caught  females 
underwent  arrested  egg  development,  and  their  abdomen  appeared  as  Sella  1 
(unfed,  not  gravid)  within  48  hours  post-engorgement  (Table  4).  The  study 
populations  were  selected  from  a  total  of  ten  nights  of  collections  and  the  pre-gravid 
rates  varied  in  these  ten  samples  from  6.0  to  43.0%.  We  observed  a  21.9%  pre- 
gravid  rate  in  a  second  population  of  1,195  females  from  another  five-night  series 
of  collections.  We  dissected  the  pre-gravids  from  this  second  population  and  found 
that  84.7%  were  nulliparous. 

Gravid  females  had  significantly  larger  bodies  than  pre-gravid  females, 
with  mean  body-lengths  of  4.91  mm  (n  =  1 14)  and  4.78  mm  («  =167),  respectively 
(r  =2.481,  df=279,  /*=0.014).  Likewise  the  mean  wing-length  of  gravid  females 
(4.09  mm)  was  significantly  different  from  pre-gravid  females  (3.%  mm)  (r 
=2.730,  df=279,  P=0.001). 


Survivorship 

We  used  a  three-day  gonotrophic  cycle  in  calculating  daily  survival  rates 
with  Davidson’s  formula  (1954).  The  parity  rates  used  in  these  calculations  were 
derived  from  field-collected,  unmarked  specimens  (Table  2).  Daily  survival  in  the 
early  dry  season  was  0.8750,  whereas  a  slightly  higher  estimate  of  0.8840  was 
calculated  for  the  late  dry  season  trial. 

Alternatively,  we  used  data  from  the  mark-release-recapture  studies  to 
calculate  daily  survival  rates  based  on  the  horizontal  method.  The  sequence  of 
studies  included  in  this  report  provided  clear  evidence  of  subpopulations  of  An. 
pseudopunctipennis  mosquitoes,  mostly  nulliparous,  that  requires  two  blood  meals 
for  completion  of  the  gonotrophic  cycle.  Some  members  of  these  subpopulations 
reappeared  within  24  hours  post-release  for  a  second  blood  meal.  Consequently,  in 
calculating  the  regression  lines,  we  deleted  recapture  data  from  day  one  post-release 
(representing  only  3.7  and  1.5%  of  total  collections  in  both  experiments)  to  reduce 
variance  and  to  achieve  homoscedasticity  in  the  regression  analysis  (Zar,  1984). 

An  estimated  daily  survival  rate  of  0.6900  was  computed  from  the 
pooled  regression  coefficient  (Table  6)  for  early  dry  season  data.  The  slope  was 
significantly  different  from  0  (F=6. 236,  df=l,6,  P<0. 05).  When  data  from  the 
three  released  populations  were  analyzed  separately,  only  the  green  group  showed  a 
linear  pattern.  However,  no  significant  differences  (P< 0.05)  between  slopes  were 
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detected  in  covariance  analyses. 

The  pooled  survivorship  estimate  for  the  late  dry  season  series  was 
0.6838.  This  result  was  not  significantly  different  from  the  early  dry  season  in  a  t- 
Test  for  paired  slope  comparisons  (Zar,  1984).  The  late  dry  season  regression 
coefficient  was  also  significantly  different  from  0  in  the  ANOVA  test  (F=7.813, 
df=l,3,  F<0.05).  Again,  no  significant  differences  between  slopes  were  detected 
with  covariance  analyses. 

A  pooled  estimate  of  a  0.7542  daily  survival  rate  was  calculated  for 
laboratory-reared  females  that  were  marked,  released  and  recaptured.  The 
regression  coefficient  was  significantly  different  from  0  (F= 10.646,  df=l,7, 
P<0.05)  for  pooled  data,  and  for  two  of  the  three  study  populations  composing  this 
series.  The  covariance  analyses  showed  no  significant  differences  (P< 0.05) 
between  slopes  of  the  three  study  populations. 


DISCUSSION 


The  horse-baited  trap  proved  to  be  an  excellent  method  for  collecting 
large  numbers  of  engorged  females  and  for  ensuring  a  high  recapture  rate  of  marked 
Art.  pseudopunctipennis  females.  In  two  series  of  capture-mark-release  studies, 
more  than  five  percent  of  the  marked  specimens  were  recaptured. 

Prior  to  the  studies  included  in  this  report,  the  actual  length  of  the 
gonotrophic  cycle  of  An.  pseudopunctipennis  was  unknown.  Although  Vargas 
(1962)  suspected  that  An.  pseudopunctipennis  had  a  gonotrophic  cycle  of  four 
days,  no  quantitative  field  studies  had  been  reported.  In  the  mark-release-recapture 
series  a  three-day  gonotrophic  cycle  was  documented  for  both  the  early  and  late  dry 
seasons.  The  results  for  all  six  released  and  recaptured  populations  were  similar 
(Figure  2),  despite  differences  in  average  temperatures  of  2-4  °C  from  the  early  to 
late  dry  season. 

Although  An.  pseudopunctipennis  is  considered  a  mountain  species 
(Hacket,  1945),  relatively  little  is  known  about  the  effects  of  ambient  temperature 
on  its  biology.  Davis  (1928)  reported  accelerated  post-emergence  feeding  by  An. 
pseudopunctipennis  during  hotter  months  in  northern  Argentina,  but  he  made  no 
observations  on  the  length  of  the  gonotrophic  cycle.  Our  experience  during  early, 
cooler  and  late,  warmer,  dry  season  indicates  that  this  species'  tolerance  is  variable, 
but  low  ambient  temperature  should  be  an  important  component  of  its  adaptation  to 
the  foothill  and  mountain  environments. 

Studies  on  the  temporal  progression  of  oogenesis  in  An. 
pseudopunctipennis  females  were  conducted  to  help  determine  the  time  when 
gravids  might  be  able  to  oviposit.  The  test  populations  were  held  in  pit  shelters  to 
simulate  their  natural  resting  sites.  During  the  early  dry  season  study,  some 
females  had  produced  fully  mature  eggs  (Christophers'  5)  as  early  as  42  hours 
post-engorgement  (Fig.  3).  This  42-hour  period  corresponded  to  the  early  evening 
hours  of  day  two  in  the  early  dry  season  mark-release-recapture  studies.  However, 
the  actual  numbers  of  females  recaptured  during  the  night  of  day  two  were  low 
(Table  1).  Furthermore,  uncontracted  ovarian  sacs  in  recaptured  females  were  not 
detected  until  the  night  of  day  three  post-release,  which  was  also  the  night  the 
largest  numbers  of  marked  females  were  recaptured.  Consequently,  we  think  the 
eggs  of  marked  and  released  females  became  fully  developed  during  the  night  of 
day  two.  Subsequently,  the  females  deposited  their  eggs  sometime  during  day 
three,  and  sought  hosts  for  blood  meals  during  the  night  of  the  same  day. 


Ambient  temperatures  were  higher  during  the  late  dry  season  studies,  so 
fully  developed  eggs  were  observed  in  specimens  as  early  as  36  hours  post¬ 
engorgement.  The  36-hour  interval  corresponded  to  noon  of  day  two.  In  the  latter 
studies,  a  larger  number  of  marked  females  was  recaptured  during  the  night  of  day 
two  post-release,  than  in  the  early  dry  season  study  (Table  1).  Approximately  25% 
of  these  recaptured  females  had  uncontracted  sacs  (Table  2).  Nevertheless,  the 
mark-release  study  indicates  that  most,  72.0%  (Day  2  +  Day  3),  of  the  released 
females  took  36  to  54  hours  to  complete  oogenesis  and  egg  deposition. 
Consequently,  the  overall  pattern  of  gonotrophic  development  in  the  late  dry  season 
populations  followed  the  same  general  pattern  as  documented  for  the  early  dry 
season  populations;  i.e.,  most  females  returned  for  another  blood  meal  during  the 
night  of  day  three  post-release. 

The  lowest  recapture  rate  (2.6%)  was  obtained  with  the  released 
populations  of  insectary-reared  An.  pseudopunctipennis  females.  The  low 
recapture  rate  may  reflect  some  loss  of  population  vigor  or  behavioral  modification 
resulting  from  artificial  rearing  conditions.  It  was  not  surprising  to  find  that  An. 
pseudopunctipennis  females  took  their  first  blood  meal  as  early  as  1 8-24  hours 
post-emergence.  Davis  (1928)  reported  blood-feeding  by  An.  pseudopunctipennis 
during  late  summer  in  nonhem  Argentina  as  early  as  12  hours  post-emergence. 

The  finding  of  a  four-day  gonotrophic  cycle  in  insectary-reared  populations  was 
consistent  among  the  three  replicates.  Prolongation  of  the  gonotrophic  cycle  might 
be  explained  by  the  lack  of  insemination  in  the  first  days  following  release. 
Insemination  is  a  prerequisite  for  ovarian  development  in  some  species;  e.g..  An. 
subpictus  (Roy,  1940).  The  insemination  rates  in  females  that  were  recaptured  in 
the  first  couple  of  days  post-release  were  very  low.  Maximum  insemination  rates  in 
these  insectary-reared  populations  were  observed  in  gravid  females  recaptured  at  72 
hours  post-release.  A  second  factor  contributing  to  a  prolonged  gonotrophic  cycle 
was  the  need  of  a  second  blood  meal  in  about  60%  of  all  nulliparous  females.  The 
basis  of  the  latter  estimate  is  presented  below. 

Gillies  (1955)  described  the  pre-gravid  rate  as  the  proportion  of  females 
that  undergo  gonotrophic  discordance  following  a  blood  meal.  Gillies  attributed 
gonotrophic  discordance  to  a  need  for  more  than  one  blood  meal  per  gonotrophic 
cycle.  We  documented  pre-gravid  rates  of  22-25%  for  our  study  populations  of 
An.  pseudopunctipennis  (Table  2).  These  rates  were  similar  to  the  20%  pre-gravid 
rates  reported  by  Gillies  for  An.funestus  in  Africa.  Similarly,  the  pre-gravid 
populations  were  composed  mostly  (85%)  of  nulliparous  females  (Table  4).  These 


data  were  used,  in  combination  with  data  on  natural  parity  rates  (Table  2)  and  parity 
rates  of  pre-gravids  (Table  4),  to  estimate  the  per  cent  of  nulliparous  females  that 
require  a  second  blood  meal  to  complete  their  gonotrophic  cycle.  First,  69%  of 
wild-caught  females  were  parous.  Therefore,  of  the  1,195  wild-caught  females 
employed  in  the  study  of  pre-gravids,  we  can  expect  that  826  were  parous  (0.69  x 
1 195)  and  369  were  nulliparous.  We  know  that  21.9%  of  the  total  (1,195),  or  262 
females,  advanced  to  a  pre-gravid  stage  with  a  single  blood  meal.  When  the  pre- 
gravids  were  examined  84.7%  were  nulliparous,  for  a  total  of  222  females  (262  x 
0.847).  We  expected  that  only  369  of  the  total  test  population  were  nulliparous  at 
the  beginning  of  the  study.  Therefore,  about  60%  (222/369)  of  the  nullipars 
required  more  than  one  blood  meal  to  complete  oogenesis. 

El-Akad  and  Humprey  (1990)  linked  the  need  for  multiple  blood  meals 
per  gonotrophic  cycle  of  An.  pharoensis  females  with  poor  larval  nourishment. 

They  demonstrated  that  larvae  reared  under  stressed  conditions  produced  smaller 
and  weaker  adults.  The  smaller  adults  required  a  second  blood  meal  more 
frequently  than  normal-sized  adults  to  advance  egg  development  beyond  a  resting 
stage  (the  condition  seen  in  pre-gravid  females). 

It  may  be  true  for  most  anophelines  that  limited  food  and  habitat  space  in 
natural  breeding  sites  will  adversely  affect  larval  development.  It  is  equally 
possible  that  adults  from  such  habitats  will  be  less  nourished  and  smaller  than 
adults  arising  from  unstressed  conditions.  Although  the  effects  of  breeding  sites  on 
size  of  adults  were  not  investigated,  we  did  show  that  pre-gravid  An. 
pseudopunctipennis  females  were  significandy  smaller  in  body  size  and  wing  length 
than  gravid  females. 

Natural  populations  of  pre-gravids  were  probably  represented  by  the 
recaptured  females  from  nights  one  and  two  during  both  early  and  late  dry  season 
studies  (Table  2).  Interestingly,  some  of  these  females  from  the  early  dry  season 
contained  partially  digested  blood.  Perhaps,  higher  ambient  temperatures  during 
the  late  dry  season  experiment  increased  the  blood  digestion  rate;  consequently,  no 
bloodfed  individuals  were  recaptured  during  this  experiment. 

We  have  opted  for  a  very  cautious  interpretation  of  our  estimates  of  daily 
survival  probabilities.  Estimates  derived  from  the  two  different  methods  of 
calculating  daily  survivorship  were  very  different.  Daily  survival  probabilities  of 
pooled  marked  series  obtained  from  regression  analyses  were  0.6900  and  0.6838 
for  the  early  and  late  dry  seasons,  respectively.  These  figures  were  used  to 
calculate  the  per  cent  of  vector  populations  surviving  a  nine-day  period  for  the 


extrinsic  incubation  of  Plasmodium  vivax  parasites  (daily  probability9  X 
100)(MacDonald,  1957).  Accordingly,  3.5%  and  3.2%  of  An.  pseudopunctipennis 
females  would  survive  up  to  nine  days  for  the  early  and  late  dry  seasons, 
respectively.  Given  the  low  population  densities  (Chapter  4)  of  these  vectors  in  the 
Tapachula  foothills,  these  survival  estimates  would  probably  be  insufficient  for 
maintaining  malaria  transmission  in  the  study  area.  In  contrast,  the  probabilities  of 
surviving  for  nine  days  based  on  daily  survival  probabilities  calculated  with 
Davidson's  method  were  30.0%,  and  32.1%  for  the  early  and  late  dry  seasons, 
respectively.  Such  variable  results  in  estimates  of  survivorship  by  both  Davidson 
and  the  regression  methods  have  been  reported  by  other  investigators.  These 
variations  have  been  attributed  to  variations  in  sampling  methods  and  variance  in 
natural  mortality.  For  example,  the  method  of  regressing  daily  recaptures  versus 
time  was  originally  proposed  as  a  method  to  measure  daily  losses  (emigration  plus 
mortality).  In  our  study  populations,  the  daily  decline  in  numbers  was  relatively 
constant,  and  so  it  was  mathematically  independent  of  age  (B*0,  P<0.05,  slope 
tests  for  homogeneity  or  analyses  of  covariance).  Consequently,  we  thought  the 
regression  method  could  provide  a  reasonably  accurate  estimate  of  daily  survival. 
Charlwood  and  Graves  (1986)  compared  the  same  method  with  deterministic  and 
stochastic  models  and  concluded  that  it  provided  an  acceptable  estimate  of  daily 
survival.  Reisen,  et  al.,  (1982)  compared  Davidson's  method  with  the  horizontal 
(cohort-specific  or  regression  method)  and  vertical  (time-specific  or  number  of 
gonotrophic  cycles)  approaches.  Reisen  found,  as  in  this  study,  that  Davidson's 
method  over-estimated  and  that  the  regression  method  under-estimated  daily 
survivals  if  losses  and  emigrations  were  included.  He  concluded  that  for  An. 
culicifacies  and  An.  stephensi  in  Pakistan,  the  regression  of  the  number  of  females 
in  each  gonotrophic  cycle  provided  the  most  appropriate  estimate  for 
epidemiological  purposes. 

More  recently,  Clements  and  Paterson  (1981)  reported  that  mosquito 
mortality  is  not  independent  of  age,  and  that  estimates  of  daily  survival,  which 
include  an  age-dependent  factor,  will  differ  from  estimates  based  on  the  classical 
exponential  model.  Clearly,  there  are  many  uncertainties  associated  with  the 
different  methods  for  estimating  daily  survival  rates.  Consequently,  we  are  inclined 
to  consider  our  estimates  as  range  limits  for  some  true  intermediate  values.  We 
expect  that  the  true  values  fall  between  the  lowest  result  given  by  the  regression 
method  and  the  highest  result  given  by  Davidson's  method. 

The  survival  rate  of  0.7452  for  in  sectary-reared  females  was  higher  than 
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the  rate  for  the  wild-caught  study  populations.  Additionally,  the  recapture  rate  of 
2.6%  was  much  lower  than  recapture  rates  for  released  populations  of  wild-caught 
females.  We  also  experienced  a  higher  daily  loss  rate  for  insectary-reared  than  for 
wild-caught  populations.  The  males  seemingly  emigrated  from  the  area  so  quickly 
that  we  recaptured  only  three  of  2,700  marked  specimens,  although  sampling  bias 
may  have  contributed  to  this  low  recapture  rate.  Given  that  insectary-reared 
mosquitoes  can  be  expected  to  behave  differently  from  wild-caught  females,  the 
accuracy  of  our  estimated  survival  rates  for  the  insectary-reared  populations  should 
be  interpreted  with  caution. 

The  presence  of  pre-gravids  in  the  study  populations  introduced  other 
sources  of  error,  as  discussed  by  Mutero  and  Birley  (1989),  in  our  estimates  of 
survivorship.  At  this  point  we  can  only  conclude  that  further  refinements  in 
methods  of  estimating  survivorship  are  needed. 

The  physiological  factors  that  affect  requirements  for  length  of 
gonotrophic  cycles,  such  as  environmental  stimuli  regulating  female  oviposition, 
sperm  stimulation  for  oocyst  development,  etc.,  are  important  components  of  vector 
biology.  We  need  to  know  more  about  these  factors  to  understand  better  the 
reproductive  biology  of  An.  pseudopunctipennis  mosquitoes,  and  we  need 
additional  information  on  the  role  of  pre-gravid  mosquitoes  in  the  dynamics  of 
malaria  transmission. 


SUMMARY 


Mark-recapture  trials  were  conducted  to  determine  the  length  of  the 
gonotrophic  cycle  and  survivorship  of  An.  pseudopunctipennis  mosquitoes  in  the 
Tapachula  foothills  of  southern  Mexico.  Attempts  with  wild-caught  females  were 
conducted  separately  in  the  early  and  late  dry  seasons  to  check  for  seasonal 
differences.  A  total  of  5.4  to  5.7%  of  all  marked  and  released  females  were 
recaptured.  A  three-day  gonotrophic  cycle  was  characteristic  of  wild-caught 
females  in  both  pans  of  the  dry  season.  Similar  studies  with  in  sectary-reared, 
nulliparous  females  were  performed  to  check  for  effects  of  physiological  age  on  the 
experimental  results.  The  gonotrophic  cycle  for  the  insectary-reared  females  was 
four  days.  About  25%  of  ten  separate  populations  of  wild-caught,  engorged 
females  underwent  gonotrophic  discordance  (known  as  pre-gravid  females)  with 
only  one  blood  meal.  Nearly  85.0%  of  the  females  classified  as  pre-gravids  were 
nulliparous.  In  comparisons  of  body  size  and  wing  length  of  gravids  versus  pre- 
gravids,  the  pre-gravids  were  significandy  smaller  in  respect  to  both  parameters. 
Remarkably  different  estimates  were  obtained  with  the  horizontal  and  vertical 
(Davidson’s)  methods  of  estimating  daily  survival  rates.  The  problems  of 
estimating  survivorship  are  discussed. 
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Figure  1 .  Map  of  study  site  along  the  margins  of  the  Coatan  River  in  the 
Tapachula  foothills,  Tapachula,  Mexico.  Release  sites  are  marked  by  letters;  A 
is  for  field-caught  populations  and  B  is  for  insectary-reared  populations. 
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Figure  3.  Percentages  of  samples  of  Anopheles  pseudopunctipennis  females  with  Christophers'  stage  5  ovaries  are  plotted  by  time 
post-engorment.  The  lower  bar  illustrates  the  correspondence  between  hours  post-engorment  and  natural  photoperiod  at  the  study  site  near 
Tapachula,  Mexico.  Wild-caught,  naturally  bloodfed  females  were  maintained  in  pit  shelters  at  the  study  site;  and  10  specimens  were  examinee 
for  Christophers'  stages  of  egg  development  at  each  6-hour  interval.  One  study  each  was  conducted  in  the  early  (January)  and  late  (April)  dry 
season  of  1991. 


Table  1 .  Numbers  of  marked  Anopheles  pseudopunctipennis  females  recaptured  per  day  post-release  in  each  of  two  series  of 
mark-release-iecapture  studies.  Data  on  recaptured  specimens  are  arranged  in  a  single  sequence  of  days  post-release.  Studies 
were  conducted  in  the  Tapachula  foothills,  Tapachula,  Mexico  during  the  early  (January)  and  late  (April)  dry  season  of  1991. 
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Table  3.  Numbers  recaptured,  parity  and  insemination  rates  for  marked  and  released  insectary-reared 
Anopheles  pseudopunctipennis  females*.  Numbers  recaptured  are  reported  for  three  populations  of 
marked  specimens  following  their  release  in  the  foothills  area  near  Tapachula,  Mexico  in  April,  1991. 
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Table  4.  Pre-gravid  rates  of  engorged  Anopheles  pseudopunctipennis  females  collected  in  the  foothills  near  Tapachula,  Mexico 
during  February  and  March  1991.  Rates  were  obtained  by  holding  engorged  females  for  48  hours,  and  then  by  examining  and 
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CHAPTER  3 


Host  selection  patterns  of  Anopheles  pseudopunctipennis  under  regular  insecticide  spraying 

situations  in  southern  Mexico 
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INTRODUCTION. 
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Information  on  the  feeding  patterns  of  arthropod  vectors  is  important  to 
medical  entomologists  and  epidemiologists  for  understanding  host-vector 
relationships  and  the  dynamics  of  disease  transmission.  Host  selection  patterns  of 
malaria  vectors  have  been  quantified  by  the  relative  frequency  of  blood  from 
different  host-types  in  samples  of  engorged  mosquitoes  by  place  (a  locality  or 
biotope)  and  time  (Boreham  and  Garret- Jones,  1973).  Within  this  framework,  the 
human  blood  index  (HBI)  is  used  to  estimate  human-vector  relationships.  The  HBI 
is  defined  as  the  proportion  of  freshly  engorged  anophelines  found  to  contain 
human  blood  (World  Health  Organization,  1963;  Garret- Jones,  1964;  Garret- Jones 
and  Shidrawi,  1969).  This  index  is  useful  for  epidemiological  assessments  of 
malaria  control  program  effectiveness  (Garret- Jones,  1964),  as  well  as  a  component 
of  vector  capacity  (Garret- Jones  and  Shidrawi,  1969). 

Many  different  serological  methods  are  available  for  identifying  bloo  meal 
hosts;  e.g.,  ring  precipitine,  agar  gel  diffusion,  fluorescent  antibody  technique, 
passive  hemagglutination  inhibition  technique,  and  the  enzyme-linked 
immunosorbent  assay  (ELISA).  Each  of  these  methods  is  characterized  by 
strengths  and  weaknesses  relating  to  assay  sensitivity  versus  specificity  (Washino 
and  Tempelis,  1983).  Although  it  is  important  to  select  the  "right"  assay,  an 
additional  concern  should  be  the  methodology  of  where,  when  and  how  samples 
are  collected  from  the  field.  Biased  data  and  erroneous  conclusions  can  be 
expected  when  such  factors  as  time  and  location  of  sampling,  and  density, 
distribution  and  availability  of  hosts  are  not  carefully  considered  in  the  study  plan. 
Vectors  opportunistically  switching  host  selection  patterns  from  animals  to  humans 
in  response  to  changes  in  host  density  and  availability  are  of  special  interest  in 
malaria  transmission  studies  (Garret-Jones.ef  ai,  1980).  An  understanding  of  the 
normal  variations  in  a  vector's  host  preferences  will  facilitate  efforts  to  detect  any 
significant  switch  in  host  selection  patterns.  Knowledge  of  normal  variations  in 
host  preferences  are  particularly  useful  in  studies  to  determine  the  effects  of 
insecticides  on  human-vector  contact.  The  excito-repellent  effect  of  DDT  on  house¬ 
entering  vector  populations  is  widely  recognized  by  field  workers  in  the  malaria 
endemic  countries  (Garret-Jones,  1964).  This  repellent  effect  is  particularly 
important  because  it  results  in  reduced  numbers  of  vectors  resting  indoors  and 
changed  feeding  patterns. 

Included  in  this  report  are  results  of  studies  on  the  host  selection  patterns 
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of  An.  pseudopunctipennis,  a  primary  vector  of  malaria  in  Mexico  (Rodriguez  and 
Loyola,  1989).  The  studies  were  conducted  in  four  villages  in  the  Tapachula 
foothills  of  southern  Mexico  during  1990  and  1991.  Since  the  villages  are  routinely 
sprayed  with  insecticides  by  the  National  Malaria  Control  Program,  data  also  are 
included  from  1991  on  the  effect  of  house  spraying  on  host  selection  patterns. 
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MATERIALS  AND  METHODS 

Description  of  study  sites 

The  study  area  is  located  in  the  foothills  of  El  Soconusco,  which  is  the 
western  Pacific  slope  of  the  Sierra  Madre  mountain  range.  This  area  is  30  km  from 
the  city  of  Tapachula  in  Chiapas,  Mexico.  Chiapas  is  the  southernmost  state  in 
Mexico  and  borders  Guatemala  along  the  Suchiate  River.  The  climate  of  the  study 
area  is  tropical  with  distinct  wet  and  dry  seasons,  May-November  and  December- 
April,  respectively. 

The  foothills  comprise  an  area  of  rugged  topography  where  coffee  is 
grown  intensively,  serving  as  the  primary  agricultural  activity.  The  many  small 
villages  scattered  throughout  the  foothills  provide  the  labor  pool  for  manually 
cultivating  and  harvesting  the  coffee  crops.  Although  dogs,  cats,  pigs  and  chickens 
are  present  in  the  villages,  there  are  no  pastures,  and  cows  and  horses  are  scarce. 

Four  villages,  at  elevations  of  400  to  650  m,  were  selected  as  sites  for 
studies  included  in  this  report.  Average  distance  separating  each  of  the  four  villages 
is  3.5  km.  All  four  villages  are  located  in  similar  ecological  settings  along  the 
Coatan  River,  and  the  river  is  the  most  important  dry  season  breeding  site  of  An. 
pseudopunctipennis  mosquitoes.  Two  villages,  El  Retiro  and  El  Plan,  were  chosen 
for  their  high  mosquito  densities,  and  two.  La  Ceiba  and  La  Concordia,  for  low 
mosquito  densities  (Loyola,  1988,  unpublished  data).  A  census  of  animal 
populations  was  conducted  within  the  four  villages. 


Insecticide  treatments 

Personnel  of  the  National  Malaria  Control  Program  in  Chiapas  State 
routinely  apply  DDT  or  Bendiocarb  to  walls  of  houses  within  the  malaria  endemic 
villages.  In  the  foothills,  DDT  is  sprayed  at  six-month  intervals  in  villages  where 
more  than  five  malaria  cases  are  detected  by  passive  surveillance.  Bendiocarb  is 
used  if  the  outbreak  seems  to  pose  a  hazard  for  surrounding  villages  (Loyola,  1989, 
personal  communication).  During  two  years  of  studies,  Bendiocarb  [(0.4  g  active 
ingredient  (AI)/m2)]  was  sprayed  in  the  four  study  villages  in  September  1989,  and 
again  in  May  1990.  DDT  (2g  AI  /m2)  was  sprayed  in  houses  during  late  January 
and  early  February  1991. 


Field  collections. 

During  the  first  year,  resting  collections  were  conducted  from  mid-January 
to  May  1990.  Each  village  was  sampled  during  one  week  each  month.  For  two 
hours  every  other  morning  a  team  of  four  people  searched  a  minimum  of  ten 
houses.  A  different  ten  houses  per  village  were  sampled  during  each  day  of 
collecting.  A  thorough  examination  was  made  of  walls,  cracks  and  furniture  using 
flashlights  and  mouth  aspirators  to  spot  and  capture  resting  mosquitoes.  On 
alternate  days,  shelters  surrounding  the  human  dwellings,  such  as  chicken  houses, 
coffee  plants,  orchards,  ground  depressions,  rock  piles,  latrines,  etc.  were  searched 
for  resting  adult  anophelines.  Captured  specimens  were  held  in  pint  cardboard 
containers  and  taken  to  the  laboratory  where  they  were  sated  by  sex  and  classified 
as  fed,  unfed  or  gravid.  The  abdomens  of  freshly  fed  females  were  smeared  onto 
Whatman  No.  2  filter  paper.  The  papers  were  then  dried,  wrapped  with  glassine 
paper  and  stored  at  4  °C  until  processed  for  blood  meal  identification  at  the  end  of 
the  study. 

The  same  procedures  of  indoor  and  outdoor  collections  of  resting 
mosquitoes  were  continued  during  the  dry  season  of  1991  (started  from  December 
1990  to  May  1991).  Additionally,  in  an  attempt  to  increase  the  sample  size  of 
bloodfed  mosquitoes,  ten  1.5  x  1.2  x  1.0-m  pit-shelters  were  dug  in  each  of  the 
four  villages;  they  were  located  in  the  backyards  of  some  houses  and  in  the  center 
of  some  neighboring  coffee  plantations.  A  separate  team  of  collectors  (not  the  same 
team  that  conducted  collections  from  indoors  and  natural  shelters)  searched  the  pits 
for  resting  anophelines  each  morning  during  weekdays.  This  sampling  effort  was 
conducted  from  late  December  1990  to  May  1991. 


Blood  meal  identification. 

An  indirect  ELISA  for  blood  identification  (Loyola,  et  al.,  1990)  was  used 
to  screen  the  blood  meals  smeared  on  filter  papers.  The  samples  were  eluted 
overnight  at  4  °C  with  200  ml  of  a  phosphate  buffer  saline  solution  (pH  7.2  PBS). 
Five  ml  of  each  eluted  sample  were  placed  with  50  ml  of  coating  buffer  (sodium 
bicarbonate  35  mM,  pH  9.6)  in  six  wells  of  a  polystyrene  microtiter  plate  (Dynatech 
Laboratories,  Inc.,  Alexandria,  Virginia)  and  incubated  for  1  hour  at  room 
temperature.  After  blocking  unreacted  sites  with  2.5%  dry  milk  in  7.2  pH  PBS,  the 
wells  were  screened  against  a  bank  of  antibodies  (Sigma  Chemical  Co.,  St.  Louis, 
Missouri)  for  identifying  blood  from  human,  horse,  dog,  pig  or  chicken,  and  this 
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was  followed  by  horseradish  peroxidase-conjugated  goat  serum  anti-rabbit  IgG. 
Color  was  developed  using  2,2'-azino-bis(3-ethylbenz-thiazoline-6-sulfonic  acid) 
(ABTS)  (Sigma  Co.)  as  a  substrate.  Blood  samples  of  the  host  species  were  dried 
on  filter  paper  and  used  during  tests  as  positive  controls.  A  test  was  positive  when 
its  absorbance  value  was  higher  than  two  times  the  mean  of  five  negative  controls 
(consisting  of  male  and  unfed  female  An.  pseudopunctipennis  mosquitoes).  Mixed 
blood  meals  represented  two  or  more  different  hosts. 


Data  analysis. 

Two  measurements  of  An.  pseudopunctipennis  blood-feeding  habits  were 
calculated  from  blood  meal  identification  data.  The  human  blood  indices  (HBIs) 
were  calculated  from  freshly  engorged  specimens  collected  resting  inside  of  houses 
and  from  outdoor  sites.  Specimens  from  out-of-doors  consisted  of  individuals 
from  natural  resting  sites  and  collections  from  the  artificial  pit  shelters.  The  HBI 
was  calculated  as  the  unweighted  mean  of  the  proportion  of  specimens  with  human 
blood  that  were  collected  from  indoor  and  outdoor  locations.  This  index  is 
considered  an  unbiased  estimate  because  it  uses  percentages  instead  of  raw  number, 
it  was  also  computed  to  account  for  bias  introduced  by  disparities  in  the  spatial 
distribution  of  resting  females.  The  weighted  HBI  or  crude  mean  is  the  sum  of 
indoor  and  outdoor  numbers  containing  a  specific  host  blood  meal  divided  by  the 
total  numbers  of  indoor-outdoor  bloodfed  mosquitoes  (Garret- Jones,  1964). 

The  forage  ratio  (FR)  was  the  second  measure,  which  quantifies  vector 
preference  for  a  particular  vertebrate  host  rather  than  other  available  hosts  (Boreham 
and  Garret-Jones,  1973).  The  FR  was  calculated  by  determining  the  percent  of  An. 
pseudopunctipennis  females  containing  blood  of  a  particular  host,  divided  by  the 
percent  of  the  total  available  host  population  represented  by  that  particular  host 
(Hess,  et  al.,  1968).  A  FR  of  one,  or  near  one,  indicates  neither  preference  nor 
avoidance  of  a  particular  host  animal;  FRs  significantly  greater  than  one  indicate 
selective  preference,  and  values  less  than  one  indicate  avoidance  of  a  host  in  favor 
of  other  available  hosts. 

As  stressed  by  Loyola,  et  al.(  1990),  the  HBI  is  an  indicator  of  effective 
human/vector  contact  and  is  of  epidemiological  importance.  The  FR  is  more 
precisely  an  indicator  of  host  preferences  and  is  of  biological  importance. 

Homogeneity  chi-square  tests  were  computed  to  analyze  sample  relative 
frequency  comparisons.  Regression  and  ANOVA  tests  were  made  to  demonstrate 
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linear  associations  (SYSTAT,  1989). 


RESULTS 
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Resting  population  densities 

Populations  of  An.  pseudopunctipennis  are  most  abundant  in  the  Tapachula 
foothills  from  mid-December  to  May  (Chapter  3).  Within  this  period  of  peak 
abundance,  the  monthly  densities  for  indoor  resting  mosquitoes  during  1990  were 
different  from  the  1991  season  (Fig.  1).  Sampling  was  initiated  in  January  of  1990 
and  resting  females  were  found  on  house  walls  from  January  to  March.  In 
contrast,  in  1991  most  resting  females  were  found  on  house  walls  only  in  January. 

A  total  of  1859  An.  pseudopunctipennis  mosquitoes  were  obtained  from 
the  two  years  of  resting  collections  in  the  four  study  villages,  and  45.0%  of  the  total 
was  engorged.  In  the  first  year,  only  366  (19.7%)  specimens  were  obtained  from 
resting  collections,  whereas  1493  (80.3%)  were  captured  at  the  second  year. 
Approximately  34.0%  of  the  captured  specimens  that  did  not  contain  blood  were 
classified  as  unfed,  21.4%  as  gravid,  and  54.0%  as  males  (Table  1).  The 
specimens  tested  for  blood  meal  identification  comprised  94%  of  all  engorged 
females.  In  total,  the  indoor  collections  accounted  for  12%,  natural  shelters 
accounted  for  18%,  and  the  artificial  pit  shelters  (from  1991)  accounted  for  70%  of 
the  1859  specimens  obtained  from  resting  collections.  Most  engorged  specimens 
were  obtained  during  the  second  year  from  pit  shelters. 

As  expected,  the  villages  with  overall  higher  densities  of  An. 
pseudopunctipennis  in  landing  collections  also  yielded  higher  numbers  in  resting 
collections.  In  terms  of  numbers  tested  for  blood  meal  identification,  30%  were 
from  El  Plan,  and  62%  were  from  El  Retiro,  whereas  only  7%  were  from  La 
Concordia  and  less  than  1%  were  from  La  Ceiba  (Table  1).  There  were  no 
significant  differences  in  overall  numbers  of  females  from  indoor  and  natural  shelter 
collections  between  1990  and  1991  ( X 2 ,  P>0.05)  this  statistic  excludes  data  from 
pit-shelter  collections. 


Human  Blood  Index 

The  proportions  of  females  containing  human  blood  were  relatively  similar 
by  site  (indoors,  natural  shelters  outside,  or  pit  shelters),  year  and  village.  The 
proportions  did  not  seem  to  vary  with  sample  size.  Additionally,  for  a  given  type 
of  collecting  site,  the  per  cent  of  females  containing  human  blood  was  similar  to  the 
per  cent  with  human  blood  in  pooled  samples  from  all  four  villages,  for  both  years 
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(Table  2).  In  other  words,  despite  differences  in  numbers  collected,  the  samples 
were  representative  of  overall  feeding  patterns. 

On  average,  53.7%  of  all  specimens  collected  indoors  in  all  villages  during 

1990  had  fed  on  human  blood,  compared  to  86.2%  that  had  fed  on  humans  in  the 

1991  season  (Table  2).  The  differences  between  the  two  years  were  significantly 
different  (X2=24.3,  P <0.01).  The  rates  of  human  blood  meals  in  specimens  from 
natural  shelters  varied  from  18.8%  to  23.5%  for  the  first  and  second  years, 
respectively.  These  differences  in  annual  rates  were  not  statistically  different 

( X2=0.741 ,  P>0.05).  The  annual  per  cent  of  specimens  collected  from  pit  shelters 
with  human  blood  meals  (23.0%)  was  similar  to  the  annual  rates  for  specimens 
from  natural  resting  places  (23.5%)  despite  great  differences  in  relative  sample  size 
(Table  2). 

Bloodmeal  data  from  all  localities  was  pooled  to  obtain  a  representative 
estimate  of  the  overall  HBI.  Data  were  pooled  in  order  to  have  at  least  50  blood 
smears  per  locality,  which  is  considered  the  minimum  sample  size  representative  of 
a  local  population  (Garret- Jones,  1964).  The  pooled  data  were  used  to  calculate 
weighted  and  unweighted  mean  HBI  values.  Weighted  HBI  estimates  for  the  first 
and  second  years  were  34.0%  and  29.5%,  respectively  (Table  3).  These  HBI 
values  for  two  years  were  not  significantly  different  (X2 =0.368  P:>0.05).  The 
unweighted  HBI  values  were  36.2%  for  the  first  year  and  44.2%  for  the  second; 
again,  the  differences  were  not  significant  ( X2=0.365 ,  P>0.05). 

Of  all  other  available  hosts,  dogs  seemed  to  be  the  most  important  blood 
source  out-of-doors  in  all  villages  (Table  3).  During  two  years  of  collections,  dogs 
were  the  blood  source  for  29.6%  to  51.3%  of  all  engorged  An.  pseudopunctipennis 
females  collected  outside  from  pit-shelters  and  other  natural  resting  sites.  In 
contrast,  dogs  were  the  blood  source  for  only  6.2%  to  1 1.9%  of  the  engorged 
females  collected  indoors. 


Forage  Ratios 

Host  availability  was  determined  by  a  detailed  census  of  vertebrate  hosts, 
including  humans,  for  each  of  the  four  study  villages.  The  patterns  of  host 
densities  within  the  four  villages  were  similar. 

Chickens  were  found  to  constitute  more  than  50%  of  all  vertebrate  hosts 
present  within  the  village  environments.  Regardless,  chickens  accounted  for  less 
than  2.4%  of  all  the  identified  blood  meals  (Table  4).  Since  chickens  were  clearly 
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not  a  factor  in  the  overall  issue  of  An.  pseudopunctipennis  host  preferences, 
statistics  on  chicken  populations  are  not  included  in  the  following  calculations  of 
forage  ratios. 

Humans  were  three  times  more  abundant  (76.1%)  in  villages  than  domestic 
animals  (excluding  chickens).  However,  the  FR  for  humans  was  less  than  one  for 
both  years,  with  or  without  numbers  of  chickens,  which  indicates  that  An. 
pseudopunctipennis  females  fed  preferentially  on  other  available  hosts.  Forage 
ratios  greater  than  one  were  calculated  for  all  other  available  hosts;  viz.,  dogs,  pigs 
and  horses.  The  FRs  for  horses  for  the  two  years  were  15.6  and  20.9  (Table  4). 
While  horses  represented  less  than  1%  of  all  available  hosts.  An. 
pseudopunctipennis  populations  preferentially  fed  on  this  animal.  The  second  most 
preferred  host  was  the  pig,  with  FRs  of  5.8  and  7.2  for  the  first  and  second  years, 
respectively.  Dog  FRs  showed  a  weaker  preference  (1.6  and  1.4)  than  for  larger 
domestic  animals. 


Spraying  effect  on  host  selection 

During  the  second  year  of  the  study,  DDT  was  sprayed  on  village  house 
walls  in  late  January.  After  spraying,  densities  of  indoor-resting  An. 
pseudopunctipennis  females  dropped  precipitously  and,  to  a  lesser  extent,  densities 
dropped  in  outdoor  resting  sites  as  well  (Fig.  1).  Under  these  circumstances,  pit- 
shelters  became  an  increasingly  valuable  source  of  blood  engorged  specimens. 
Consequently,  the  collections  from  the  pit-shelters  were  used  to  determine  the 
impact  of  DDT  residues  on  host  selection  patterns  of  the  outdoor  resting 
populations.  Monthly  proportions  of  human  and  animal  blood  meals  were  arcsine- 
transformed  (Steel  and  Torrie,  1980)  and  analyzed  by  single  linear  regression 
(SYSTAT,  1989).  A  shift  in  host  selection  occurred  after  the  villages  were  sprayed 
with  DDT.  In  collections  of  engorged  specimens  from  pit-shelters,  the  proportions 
of  human  bloodfed  females  were  high  before  treatment  (33.7%),  dropped  after  the 
houses  were  sprayed  (15.2%),  and  seemed  to  begin  to  increase  2-3  months  later 
(16.1%)  (Fig.  2).  The  animal  blood  proportions  were,  in  essence,  the  inverse  of 
the  monthly  human  fed  proportions,  so  the  animal  blood  per  cents  began  to  increase 
immediately  after  the  houses  were  sprayed  and  started  to  decrease  2-3  months  later 
(Fig.  2).  A  negative  linear  relationship  showing  statistical  significance  (r=0.997, 
B=-0.563,  P=0. 0,  n=5)  was  found  between  the  two  variables  (Fig.  2). 
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DISCUSSION 


Resting  populations 

The  study  of  host  selection  patterns  of  malaria  vectors  is  a  complex  task  in 
areas  where  insecticides  are  continuously  applied  to  house  walls  for  malaria  control. 
Dramatic  changes  in  feeding  patterns  and  in  densities  of  resting  mosquitoes  are 
always  expected  under  such  "real  world"  conditions.  Additionally,  bloodfed 
anophelines  tend  to  seek  more  protected  resting  places  where  they  will  not  be 
irritated  or  affected  by  the  insecticide.  This  insecticide-induced  population 
movement  will  be  reflected  in  the  results  of  the  sampling  program  (Garret-Jones, 
1964). 

The  patterns  of  monthly  densities  in  the  indoor  resting  populations  of  An. 
pseudopunctipennis  in  study  villages  during  1990  and  1991  were  different  (Fig.  1). 
The  differences  might  be  explained,  in  part,  by  differences  in  timing  of  malaria 
control  measures,  as  well  as  differences  in  insecticides  employed.  During  the  first 
year  the  malaria  control  team  sprayed  house  walls  with  Bendiocarb  in  September 
1989,  in  response  to  an  early-season  occurrence  of  malaria  cases  (probably 
relapsing  cases;  Loyola,  1990,  personal  communication).  This  was  considered 
"early-season",  since  it  occurred  during  the  wet  season,  and  densities  of  An. 
pseudopunctipennis  populations  were  at  their  lowest  level  (An.  pseudopunctipennis 
population  densities  begin  to  increase  during  mid-December  in  these  locations;  see 
Chapter  3).  Bendiocarb  was  again  sprayed  on  the  house  walls  in  April  of  1990, 
(Pozos,  1991,  personal  communication).  Probably  the  three-months  residual  action 
of  Bendiocarb  (Pant,  1988)  on  house  walls  degraded  from  September  to  mid- 
December  1989,  and  this  loss  of  insecticidal  effect  permitted  population  densities  of 
An.  pseudopunctipennis  to  increase  during  December  1989  and  January  1990. 
Consequently,  population  densities  remained  high  throughout  most  of  the  1990  dry 
season,  or  until  April.  In  the  following  year  (1991),  DDT  was  sprayed  on  village 
house  walls  during  late  January  and  early  February.  This  application  of  DDT  was 
timed  to  correspond  with  the  appearance  of  peak  vector  densities.  Based  on  data 
from  collections  of  resting  adults,  the  insecticide  residues  essentially  eliminated  the 
indoor  host-seeking  and  indoor  resting  populations  of  An.  pseudopunctipennis 
mosquitoes  from  late  January  until  late  April  1991.  The  collections  were  conducted 
before  and  after  houses  were  sprayed  with  DDT. 

Overall,  the  intensive  collections  of  indoor  and  outdoor  resting  adults  of  An. 
pseudopunctipennis  were  relatively  unproductive  during  the  two  years.  For 
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example,  all  such  collections  during  1990  and  1991  produced  only  18.8%  and 
14.8%  of  the  total  number  of  engorged  females  processed  for  blood  meal 
identification  (Table  2).  However,  in  the  second  year,  the  pit-shelters  produced 
about  four  times  as  many  resting,  engorged  An.  pseudopunctipennis  females  as 
were  obtained  in  samples  from  more  natural  resting  sites.  This  fruitful  result 
indicates  that  pit-shelters  should  be  used  in  future  for  further  studies  on  the  resting 
behavior  of  An.  pseudopunctipennis. 

The  Coatan  River  is  the  major  breeding  site  of  An.  pseudopunctipennis 
mosquitoes  during  the  dry  season.  Not  surprisingly,  the  two  villages  located 
closest  to  the  river,  El  Plan  and  El  Retiro,  also  provided  most  of  the  engorged 
females  (92%)  in  the  resting  collections. 


Human  Blood  Index 

In  samples  from  the  four  study  villages,  both  the  weighted  and  unweighted 
HBIs  for  An.  pseudopunctipennis  characterized  a  relatively  anthropophilic  vector. 
The  unbiased  estimator,  or  unweighted  mean,  was  always  higher  than  the  weighted 
HBI  during  the  two  years  (36.2  and  44.2%  versus  34.0  to  29.5%)  (Table  3).  The 
reason  for  this  relationship  between  weighted  and  unweighted  HBIs  probably 
relates  to  the  greater  effect  of  large  percentages  of  human  bloodfed  specimens  in 
indoors  collections  on  the  unweighted  HBI.  For  example,  in  the  first  year,  53.7% 
of  indoor  resting  females  contained  human  blood,  while  86.2%  had  human  blood 
meals  during  the  second  year  (Table  2).  Similarly,  high  proportions  of  indoor 
resting  An.  pseudopunctipennis  females  with  human  blood  have  been  found  in 
other  countries;  viz.,  Vargas  (1938)  found  67.6%  in  Temixco,  Central  Mexico; 
Davis  and  Shannon  (1928)  reported  50.0%  with  human  blood  in  northern 
Argentina;  and  in  Peru,  Acosta  (1960)  found  80.6%  with  human  blood.  These  data 
reveal  a  high  degree  of  anthropophagy  in  indoor  resting  populations. 

The  residual  effects  of  insecticide  sprayed  on  village  house  walls  probably 
account  for  some  differences  in  unweighted  HBIs  between  1990  (36.2%)  and  1991 
(44.2%).  However,  the  influence  of  insecticide  treatment  was  more  apparent  in 
comparisons  of  percentages  of  indoor  resting  females  containing  human  blood.  In 
1990,  approximately  86.1%  of  indoor  resting  females  were  positive  for  human 
blood,  with  only  53.8%  in  1991.  The  study  houses  were  sprayed  with  Bendiocarb 
in  September  1989.  Considering  that  residual  effect  of  Bendiocarb  is  estimated  to 
be  three  months  (Pant,  1988),  the  overall  effect  of  the  insecticide  was  expected  to 
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be  low  during  the  period  of  peak  vector  density  in  1990  (January  through  March). 
Clearly,  the  negligible  effects  of  the  insecticide  residues  accounted  for  the  high 
percentage  of  females  containing  human  blood  during  the  dry  season.  Alternatively, 
houses  were  sprayed  with  Bendiocarb  in  April,  1990,  and  were  not  treated  again 
until  late  January-early  February  1991.  Consequently,  the  vectors  were  entering 
houses  and  feeding  on  humans  during  December  1990  and  early  January  1991. 
However,  after  houses  were  sprayed  with  DDT  in  late  January  1991,  the  indoor 
resting  collections  were  negative.  As  a  result,  the  percentage  of  human  blood 
feeding  before  and  after  DDT  treatment  was  86.6%  (52/60)  and  0%,  respectively. 
The  unweighted  HBIs  could  not  be  used  for  these  comparisons  simply  because  no 
mosquitoes  were  caught  resting  indoors.  Nevertheless,  we  can  expect  that  the 
effects  of  Bendiocarb  and  DDT  will  be  different  even  in  recently  sprayed  houses. 
Support  for  this  supposition  is  provided  by  the  report  of  Loyola,  et  al.  (1990),  in 
which  they  found  a  higher  unweighted  HBI  (12.7  to  26.9%)  in  the  Bendiocarb- 
sprayed  villages  versus  an  unweighted  HBI  of  3.3  to  6.8%  in  DDT-sprayed 
villages. 

In  these  villages,  coffee  is  the  primary  cash  crop  in  the  foothill  region,  and 
the  low  numbers  of  large  domestic  animals  as  alternate  hosts  is  related  to  the 
practice  of  manually  harvesting  the  coffee  beans.  Consequently,  humans  accounted 
for  76.1%  of  all  available  vertebrate  hosts  within  the  villages,  and  this  seems  to  be 
the  primary  reason  for  the  high  HBIs  (Table  4).  Edman  (1971)  found  that  the 
feeding  pattern  of  mosquito  species  within  five  genera  corresponded  to  abundance 
of  the  primary  hosts.  Clearly,  these  concerns  related  to  host  density  and  availability 
emphazise  the  need  to  carefully  design  and  interpret  host  selection  studies.  Washino 
and  Tempelis  (1983)  have  reviewed  the  biases  that  are  commonly  associated  with 
studies  of  human  blood  indexes  and  determinations  of  host  preferences.  Washino 
and  Tempelis  divided  the  problems  associated  with  sampling  and  assessment  into 
two  types:  bias  induced  by  the  nature  of  the  vertebrate  host  present  in  a  specific 
place  and  bias  resulting  from  the  nature  of  the  mosquito  population  being  sampled. 
However,  despite  these  controversial  issues  and  difficulties,  we  think  that  under 
epidemic  situations,  blood  meal  identification  data  and  HBIs  should  be  useful  for 
determining  the  level  of  man-vector  contact  and  for  epidemiological  assessments  of 
control  programs  in  malaria  endemic  areas. 

Dogs  were  second  only  to  humans  as  a  source  of  blood  meals  for  An. 
pseudopunctipennis  populations  (Table  2).  Furthermore,  dogs  were  the  second 
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most  common  host  (chickens  excluded)  within  the  village  environment  (Table  4). 
Humans  and  dogs  accounted  for  more  than  96.0%  of  the  An.  pseudopunctipennis 
blood  meals.  This  skewed  pattern  in  host  selection  reveals  a  strong  association  of 
An.  pseudopunctipennis  with  the  domestic  environment  Such  an  association 
clearly  defines  the  human  domicile  as  a  high  risk  biotope  for  the  transmission  of 
malaria  in  southern  Mexico. 

Mixed  blood  meals,  mainly  of  man-dog,  dog-horse,  pig-dog  and  man-pig, 
were  found  in  less  than  2.1%  of  all  engorged  specimens  (Table  3).  Mixed  and 
cryptic  (two  or  more  blood  meals  from  the  same  type  of  host  in  a  single  mosquito) 
blood  meals  may  be  of  epidemiological  importance  because  of  the  increased  risk  of 
malaria  transmission  posed  by  a  vector  that  takes  multiple  partial  meals,  as  in  the 
case  of  An.  sacharovi  (Boreham  and  Garret-Jones,  1973).  Unfortunately,  we 
could  only  identify  mixed  blood  meals  if  the  mosquito  fed  sequentially  on  different 
types  of  hosts.  In  other  words,  we  could  not  detect  instances  of  a  single  mosquito 
feeding  on  different  individuals  of  the  same  type  of  host  Regardless,  our  findings 
that  approximately  25%  of  the  An.  pseudopunctipennis  entered  a  pre-gravid  stage 
and  therefore  took  more  than  one  blood  meal  during  a  gonotrophic  cycle  (Chapter 
2)  emphasizes  the  need  to  study  the  phenomenon  of  mixed  or  cryptic  blood  meals  in 
order  to  understand  its  implications  for  malaria  transmission. 

Forage  Ratios 

The  HBIs  were  indicative  of  very  high  man-vector  contact  under  the  specific 
conditions  of  host  availability  at  the  study  sites.  In  contrast,  the  FRs,  which  are 
measures  of  biological  preferences,  clearly  defined  An.  pseudopunctipennis  as  a 
zoophilic  species  (Table  4).  The  FRs  for  humans  were  always  less  than  1  (with  or 
without  chicken  populations);  therefore,  it  seems  that  these  anophelines  tend  to 
avoid  the  human  host.  A  strong  host  preference  was  consistently  demonstrated  for 
the  larger  mammals,  such  as  horses  (FR>15)  and  pigs  (FR>5.8).  Even  when  these 
hosts  were  less  abundant  than  humans  in  the  study  villages,  the  large  animal  hosts 
presented  a  much  greater  surface  area  to  host-seeking  mosquitoes.  This  large 
surface  area  might  contribute  to  the  great  differences  between  horse  and  humans 
FRs.  Unfortunately,  differences  in  quantity  of  surface  areas  is  not  included  in  the 
FR  calculations.  Some  kind  of  adjustment  for  host  surface  area  might  better  define 
the  feeding  relationships  between  the  mosquito  and  its  naturally  preferred  hosts. 
Larger  hosts,  such  as  horses  and  pigs,  are  known  to  attract  most  bites  of  An. 
pseudopunctipennis  in  a  variety  of  ecological  settings  in  Mexico;  e.g.,  Sinaloa 
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(Loyola,  et  al.,  1990),  and  Temixco  (Vargas,  1938).  A  similar  preference  by  An. 
pseudopunctipennis  for  large  mammals  was  demonstrated  in  Peru  by  Sasse  and 
Hackett  (1950).  Sasse  and  Hackett  used  a  stable  trap  and  alternated  exposures  of 
hosts  to  blood-seeking  populations;  hosts  included  man,  goat,  pig,  calf  and 
donkey.  The  result  was  that  most  blood  meals  (62.3%)  were  from  donkey.  In 
another  comparison  of  horses  versus  cows  and  humans  in  experimental  huts, 
horses  received  more  than  70.0%  of  the  bites  (Vargas,  1938).  The  FRs  for  An. 
pseudopunctipennis  provide  additional  evidence  of  a  intrinsic  preference  for  feeding 
on  large  mammals.  Apparently,  feeding  on  humans  is  partly  opportunistic  and 
reflects  host  availability  more  than  host  preference. 


Effects  of  insecticides  on  host  selection 

The  pre-  and  post-spraying  changes  in  HBIs  as  a  result  of  DDT  irritability 
have  been  documented  for  some  malaria  vectors  (Garret- Jones,  1964).  In  our 
case,  no  An.  pseudopunctipennis  populations  were  found  resting  indoors  for 
almost  three  months  after  the  houses  were  sprayed  with  DDT;  therefore, 
comparisons  of  pre-  and  post-spraying  HBIs  were  not  possible.  Regardless,  the 
per  cent  of  specimens  containing  human  blood  in  the  pit-shelter  collection  declined 
after  the  houses  were  sprayed  with  DDT.  Similarly,  the  per  cent  containing  animal 
blood  increased.  The  shift  in  host  selection  patterns  probably  occurred  because  the 
populations  were  forced  to  feed  on  alternative  hosts  not  protected  by  insecticide 
residues.  The  population- based  reduction  in  human  blood  feeding  as  a  result  of 
DDT  residues  on  house  walls,  as  seen  in  Fig.  2,  possibly  indicates  that  the 
insecticide  produces  an  "area  effect."  In  other  words,  presence  of  insecticide 
reduces  the  numbers  of  bites  on  humans  outside,  as  well  as  in  indoor  locations. 
Similar  changes  in  the  HBIs  of  populations  collected  from  outdoor  shelters  have 
been  reported  for  important  vectors  species  in  Africa,  such  as  An.funestus  and  An. 
gambiae  (Garret-Jones,  1964). 

Insecticide  repellency  (detection  and  evasion  with  no  contact)  and  irritability 
(reaction  produced  with  insecticide  contact)  occurs  in  mosquito  populations 
(Georghiou,  1972).  In  fact,  a  combination  of  repellency  and  irritability  may  be 
involved  in  the  indoor  resting  behavior  and  the  selection  of  blood  meal  hosts  by  An. 
pseudopunctipennis  in  DDT-sprayed  villages.  Additional  studies  on  the  behavioral 
responses  of  An.  pseudopunctipennis  to  insecticide  residues  are  needed.  Such 
studies  might  help  explain  the  persistence  of  malaria  in  this  pan  of  southern 
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Mexico. 


SUMMARY 

Studies  of  host  selection  patterns  of  Anopheles  pseudopunctipennis  were 
conducted  in  villages  in  foothills  near  Tapachula,  Mexico.  Based  on  two  years  of 
collections,  53.7  and  86.2%  of  all  engorged  females  resting  inside  of  houses  were 
found  to  contain  human  blood.  Estimates  of  weighted  and  unweighted  Human 
Blood  Indexes  (HBIs),  including  data  from  outdoor  resting  collections,  varied  from 
30  to  44.2%.  Humans  and  dogs  were  the  more  common  blood  source  for  all  An. 
pseudopunctipennis  mosquitoes,  accounting  for  96%  of  blood  meals  tested. 

Results  of  analyzes  of  host  preference  through  estimates  of  forrage  ratios  (FR) 
indicated  that  the  large  numbers  of  blood  meals  from  humans  and  dogs  are  more 
reflective  of  host  availability  than  host  preference.  A  FR  of  less  than  1  indicated 
that  An.  pseudopunctipennis  females  avoided,  to  a  marginal  extent,  the  human  host. 
In  contrast,  FRs  of  15-20  and  5-7  were  indicative  of  strong  host  preference  for 
horses  and  pigs,  respectively.  The  proportion  of  outdoor-resting,  blood-engorged 
females  containing  human  blood  declined  markedly  after  houses  were  sprayed  with 
DDT.  This  response  to  house  spraying  is  attributed  to  an  excito-repellency  effect  of 
DDT.  These  studies  clearly  define  a  strong  association  of  An.  pseudopunctipennis 
with  domestic  environment.  The  human-vector  association  is  a  key  factor  in  the 
role  of  this  anopheline  as  a  major  vector  of  human  malaria. 
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DDT  applied  to  walls  of  houses 


Figure  2.  Percentages  of  An.  pseudopunctipennis  females  that  contained  human  blood  before 
and  after  houses  in  the  four  villages  that  were  sprayed  with  DDT.  Data  were  compiled  from 
routine  resting  collections  from  pit-shelters  during  the  dry  season  (January  to  May  1991)  in 
foothills  near  Tapachula,  Mexico. 


Table  1 .  Anopheles  pseudopunctipennis  mosquitoes  captured  in  indoor  and  outdoor  resting  collections  in  four  villages  in  the 
foothills  near  Tapachula,  Mexico,  during  the  dry  season  of  1990  and  1991.  Data  are  presented  on  numbers  captured,  tested  for 
bloo^dentification^hosM^eVfed^unfed^a^an^male^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
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Table  2.  Blood  meal  identifications  from  Anopheles  pseudopunctipennis  mosquitoes  captured  in  indoor  and  outdoor  resting  collections  in  four  villages  in 
the  foothills  near  Tapachula,  Mexico  during  the  dry  seasons  of  1990  and  1991.  Data  are  presented  on  numbers  that  had  fed  on  humans  (Hu),  horses  (Hr), 
dogs  (Dg),  chickens  (Chk).  mixed  hosts  (Mx),  not  identified  (not  ID),  total  tested  and  the  per  cent  fed  on  humans.  _ 
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Table  3.  Hosts  for  bloodmcals  of  Anopheles  pseudopunctipennis  females  from 
indoor  and  outdoor  resting  collections.  Data  were  pooled  by  each  year  over  all 
villages  and  months.  The  resting  collections  were  conducted  in  four  villages 


%  Blood  meal 

Weighted 

meanc 

Unweighted 

mcand 

Hosts 

Indoor® 

Outdoor 
(Nat.  shelters). 

Outdoor 
(Pit  shelters) 

1990 

Human 

53.8 

18.6 

- 

34.0 f 

36.2  f 

Animalb 

46.2 

81.4 

- 

66.0 

63.8 

10QX6ZF 

100  (TO) 

100.  (.141) 

1.00X143) 

Horse 

19.4 

8.8 

- 

13.6 

14.1 

Dog 

11.9 

51.3 

- 

33.3 

31.6 

Pig 

13.4 

16.3 

- 

15.0 

14.9 

Chicken 

1.5 

2.5 

- 

2.0 

2.0 

Mixed 

0.0 

0.0 

- 

0.0 

0.0 

Not  Ident. 

0.0 

2.5 

- 

2.1 

1.3 

1991 

%  Blood  meal 

Indoor® 

Outdoor 

Outdoor 

Weighted 

Unweighted 

(Nat.  shelters). 

(Pit  shelters) 

mean0 

meand 

Human 

86.1 

23.6 

23.0 

29.5  f 

44.2  f 

Animal 

13.9 

76.4 

77.0 

70.5 

55.8 

mim 

10Q151) 

100(521) 

100(617) 

100(637) 

Horse 

3.1 

19.6 

20.0 

18.2 

14.2 

Dog 

6.2 

39.2 

29.6 

27.9 

25.0 

Pig 

0.0 

13.7 

21.1 

18.4 

11.6 

Chicken 

3.1 

2.0 

2.3 

2.4 

2.5 

Mixed 

1.5 

2.0 

2.1 

2.0 

1.9 

Not  Idem. 

0.0 

0.0 

1.9 

1.6 

0.6 

aPcr  cent  of  blood  meals  by  type  of  host.  Blood  meals  were  identified  by  ELISA. 

^ All  animals  other  than  humans  plus  "not  identified"  meals  combined. 
cWcighted  or  crude  mean: 

(Numbers  with  human  blood  indoors  +  numbers  with  human  blood  outdoors)/(total 
numbers  engorged  indoors  +  total  numbers  engorged  outdoors). 

^Unweighted  mean:  (Indoor  per  cent  with  human  blood  +  outdoor  per  cent  with  human 
blood)/numbcr  of  pooled  samples;  i.e.,  two  for  1990  and  three  for  1991. 


eNumbcr  of  specimens  tested  for  blood  identification. 
*Human  Blood  Index  (HBI). 


Table  4.  (FR)C  estimates  for  Anopheles  pseudopunctipennis  females  during  two  years  of  collections  in  the  foothills  near  Tapachula, 
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CHAPTER  4 


Bionomics  of  Anopheles  pseudopunctipennis  in  the  Tapachula  foothills  area  of 
southern  Mexico.  I.  Adult  populations 
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INTRODUCTION 

Malaria  is  currently  the  most  widely-distributed  vector-borne  disease  in  Mexico. 
The  increasing  numbers  of  cases  during  the  last  20  years  were  interrupted  in  1986  by  a 
national  program  conducted  by  the  Mexican  Secretariat  of  Health.  While  malaria  is  still 
endemic  in  29  of  32  mexican  states,  the  number  of  reported  cases  went  from  101,204  in 
1989  to  44%  fewer  cases  in  1990  (Direccidn  General  de  Epidemiologfa-Secretaria  de  Salud, 
1991). 

Cases  of  human  malaria  occur  throughout  the  costal  plains  and  inland  areas  of 
northwestern  and  southern  Mexico.  Most  cases  of  malaria  in  Mexico  are  caused  by 
Plasmodium  vivax  parasites  (Rodriguez  and  Loyola,  1989).  Anopheles  albimanus  is  the 
primary  vector  on  the  coastal  plain,  whereas  An.  pseudopunctipennis  is  the  more  important 
vector  at  higher  elevations,  and  in  drier,  inland  environments  (Hoffman,  1932).  Anopheles 
pseudopunctipennis  is  also  known  as  an  important  vector  in  other  countries,  such  as  Bolivia, 
Guatemala,  Ecuador,  Peru  and  Argentina  (Pan  American  Health  Organization,  1991). 

Anopheles  pseudopunctipennis  is  found  in  mountainous  and  hilly  regions  from  the 
southern  United  States  to  northern  Argentina.  Within  this  geographical  range,  five 
subspecies  and  one  variety  have  been  described  (Knight  and  Stone,  1977).  Not  surprisingly, 
this  species  is  thought  to  comprise  a  complex  of  sibling  species  (Baker,  et  al.,  1965). 

This  species  is  known  to  be  highly  anthropophilic,  with  the  per  cent  of  indoor  resting 
females  containing  human  blood  as  high  as  67%  in  central  Mexico  (Vargas,  1938)  and  above 
53%  in  the  Tapachula  area  of  southern  Mexico  (Chapter  3).  However,  recent  studies  have 
shown  that  applications  of  DDT  to  house  walls  result  in  a  great  reduction  of  indoor  feeding 
and  reduced  man-vector  contact  (Loyola,  et  al.,  1991).  This  behavior  might  be  described  as 
insecticide-induced  exophagic  behavior.  Anopheles  pseudopunctipennis  is  the  primary 
malaria  vector  in  nearly  two-thirds  of  the  total  malarious  area  of  Mexico  (Rodriguez  and 
Loyola,  1989).  Some  components  of  An.  pseudopunctipennis  behavior  possibly  contribute 
to  the  persistence  of  malaria  in  certain  areas  of  Mexico;  consequently,  further  research  on 
vector  behavior  might  provide  improved  control  of  An.  pseudopunctipennis-transmiucd 
malaria. 

Included  in  this  report  are  results  of  studies  on  the  dynamics  of  An. 
pseudopunctipennis  adult  populations.  Data  are  presented  on  age  structure  of  natural 
populations,  biting  behavior,  the  effects  of  macroclimate  on  biting  activity,  and  the  relative 
efficiency  of  different  sampling  methods.  Additionally,  data  are  presented  on  malarial 
infection  rates  in  wild-caught  An.  pseudopunctipennis  populations. 
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MATERIAL  AND  METHODS 

Geographical  and  weather  description 

The  study  sites  are  located  within  the  foothills  of  the  Sierra  Madre  mountain  range, 
about  30  km  from  the  city  of  Tapachula.  This  city  is  located  in  Chiapas,  the  southernmost 
state  of  Mexico.  Tapachula  is  situated  in  a  transition  area  between  two  major  ecological 
zones,  the  Pacific  Coastal  Plain  to  the  southwest  and  the  Sierra  Madre  mountain  range  to  the 
northeast  Regional  weather  is  tropical  with  well-defined  wet  and  dry  seasons,  from  May  to 
November  and  December  to  April,  respectively.  Peak  malaria  transmission  occurs  in  the 
foothills  during  the  dry  season,  which  corresponds  to  peak  abundance  of  An. 
pseudopunctipennis  populations.  Average  temperature  is  25°C,  with  relative  humidities 
above  80%.  Study  sites  consisted  of  four  villages  at  350-650  m  above  sea  level.  Topography 
of  the  study  area  varies  from  medium-sized  hills  to  very  high  and  steep  mountains.  Most  of 
the  original  decidiuous  forest  has  been  replaced  by  intensive  coffee  cultivation. 

During  the  dry  season  the  main  An.  pseudopunctipennis  breeding  sites  are  pools  with 
filamentous  algae  in  mountain  streams  and  rivers.  A  few  large  permanent  ground  pools  also 
serve  as  breeding  sites.  Study  sites  included  in  this  report  were  located  near  the  margins  of 
the  Coatan  River  (Pig.  1),  where  breeding  sites  flourish  during  the  dry  season.  With  the 
beginning  of  the  wet  season,  however,  larval  habitats  in  the  river  are  swept  away  and 
densities  of  An.  pseudopunctipennis  populations  quickly  decline. 


Malaria  situation 

Vivax  malaria  is  most  prevalent  in  the  study  area  during  the  drier  months  of  the  year. 
The  foothill  study  sites  consisted  of  four  villages,  El  Plan,  El  Retiro,  La  Ceiba  and  La 
Concordia,  each  separated  by  about  5  km.  Cases  of  vivax  malaria  have  been  reported  from 
these  villages  for  the  last  seven  years  (Loyola,  et  al.,  unpublished  data).  Transmission 
months  encompass  the  whole  dry  season,  from  late-December  to  mid-May. 

Based  on  malaria  and  vector  surveys  conducted  in  1988,  the  four  study  villages  were 
characterized  with  higher  or  lower  risks  of  malaria  transmission.  Malaria  incidence  rates  for 
two  higher- risk  villages  were  39%  for  El  Plan  and  12.3%  for  El  Retiro,  with  446  and  341 
persons  living  in  74  and  57  houses,  respectively.  Houses  were  loosely  scattered  within  these 
villages,  often  with  more  that  100  m  separating  one  house  from  another.  The  two  lower-risk 
villages  were  La  Ceiba  (>1.0%)  and  La  Concordia  (6.7%),  with  236  and  240  inhabitants 
living  in  67  and  52  dwellings,  respectively.  Houses  in  the  latter  villages  were  arrayed  along 
the  main  road  and  were  located  in  close  proximity  to  each  other,  often  with  less  than  20  m 
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separating  one  house  from  another. 


Mosquito  collections 

Studies  included  in  this  report  were  initiated  in  January  1990  and  completed  in  June 
1991,  covering  2  dry  seasons.  Mosquito  collections  were  conducted  during  one  week  per 
village  per  month.  The  weekly  effort  consisted  of  four  nights  of  14-hour  collections  (1700  to 
0700)  during  January,  February  and  March.  These  three  months  corresponded  to  longer 
periods  of  darkness.  During  the  other  months  of  surveillance,  the  collections  were  conducted 
hourly  for  only  12  hours  (1800-0600).  Mosquito  collections  were  performed  by  two  teams 
of  four  collectors  per  team.  Each  team  worked  a  six  to  seven-hour  shift  each  night. 

Three  types  of  collection  methods  were  employed:  landing  collections  from  exposed 
legs  of  the  collectors,  horse-baited  trap  collections,  and  updraft  ultraviolet  light  (UVL)  trap 
collections.  For  landing  collections,  a  collector  used  an  oral  aspirator  and  flashlight  to  catch 
females  mosquitoes  as  they  attempted  to  feed  after  landing  on  his  exposed  feet  and  ankles. 

The  routine  program  consisted  of  performing  landing  collections  simultaneously  in  three  sites 
(one  collector  per  site):  one  collector  inside  of  a  house,  one  within  five  to  ten  m  of  the  house, 
and  one  at  a  social  activity  site  within  the  village;  e.g.,  a  group  gathered  along  the  road, 
soccer  field,  etc.  The  latter-type  of  collection  was  defined  as  extradomiciliary.  Landing 
collections  were  conducted  during  50  minutes  each  hour,  followed  by  a  ten-minute  break. 
Teams  of  collectors  were  changed  at  midnight,  and  starting  times  of  teams  were  rotated  each 
night.  Additionally,  individual  team  members  changed  collecting  sites  each  night  to  avoid 
sampling  bias. 

The  horse-baited  trap  was  located  in  the  center  of  the  village.  The  collection  was 
performed  by  tying  a  horse  inside  a  4  x  4  x  4-m  nylon-screened  trap.  The  bottom  of  the 
screening  was  suspended  30  cm  above  the  ground,  and  mosquitoes  entered  the  trap  through 
this  opening.  The  field  team  supervisor  entered  the  trap  each  hour  and  used  an  oral  aspirator 
to  collect  all  engorged  and  unengorged  An.  pseudopunctipennis  females  resting  on  the  inner 
sides  of  the  screening. 

Since  the  updraft  UVL  trap  has  been  used  to  sample  populations  of  other  anophelines 
(Sexton,  et  al.,  1986),  paired  indoor-outdoor  trap  collections  were  conducted  to  determine  its 
efficiency  as  a  sampling  device  for  An.  pseudopunctipennis  females.  The  traps  were  placed, 
one  inside  and  one  outside  of  a  house  that  was  at  least  300  m  from  the  horse- baited  trap  and 
300  m  from  the  sites  where  landing  collections  were  being  performed.  Cages  on  the  light 
traps  were  emptied  at  hourly  intervals  throughout  the  night.  Fresh-caught  mosquitoes  were 
placed  in  a  0.47-liter  cardboard  container  and  provided  with  a  small  cotton  pad  soaked  in  a 


10%  sugar  water  solution. 

In  addition  to  the  above  sampling  methods,  pit-shelters  (Service,  1976)  were  dug  (10 
shelters  per  village)  and  sampled  during  the  second  year  of  studies.  The  pit-shelters  were  1.5 
m  deep  by  1  x  1.2  m  in  size  and  were  sampled  each  morning  from  December  1990  to  May 
1991. 

All  anophelines  were  identified,  and  numbers  were  recorded  for  each  species  per 
hourly  collection.  Outside  ambient  temperature  was  recorded  each  hour  using  a 
metereograph  (Qualimetrics,  Inc.),  along  with  observations  on  moon  phase.  Each  morning 
the  collections  were  taken  to  the  Malaria  Research  Center  in  Tapachula,  where  females  were 
dissected  and  ovarian  tracheoles  were  examined  for  parity  determinations  (Detinova,  1962). 


CS-protein  rates 

Each  wild-caught  female  was  dissected  to  determine  parity,  the  head-thorax  was 
removed  for  further  testing,  placed  in  a  1.5-ml  tube,  and  stored  in  a  container  with  silica-gel. 
The  head-thoraces  were  individually  assayed  by  the  ELISA  for  P.  vivax  predominant 
(VK210)  and  variant  (VK247)  CS  proteins  (Rosenberg,  etal.,  1989),  using  monoclonal 
antibodies  NSV-3  (Wirtz,  etal.,  1985)  and  182.1G12  (Wirtz,  etal.,  unpublished  data), 
respectively.  The  lower  detection  limits  of  these  assays  are  approximately  25  and  50 
sporozoites,  respectively  (Wirtz,  et  al.,  unpublished  data).  Unfed,  laboratory-reared  An. 
albimanus  served  as  negative  controls.  Use  of  An.  albimanus  as  controls  was  based  on 
preliminary  trials  which  showed  that  absorbance  values  for  An.  albimanus  specimens  were 
not  noticeably  different  from  absorbance  values  for  wild-caught  An.  pseudopunctipennis 
specimens.  The  cut-off  value  for  a  positive  test  was  two  times  the  mean  absorbance  value  for 
seven  negative  controls.  Confirmational  tests  were  performed  on  initially  positive  wells  and 
on  wells  showing  suspicious  absorbance  values.  Specimens  collected  in  pit-shelters  also 
were  tested  for  CS  protein. 


Analyses 

Chi-square  analyses  were  employed  to  compare  sample  sizes  between  villages, 
sample  sites,  intervals  of  time  during  the  night,  and  years.  The  Kolmogorov-Smimov  test 
(Siegel,  1956)  was  used  to  compare  patterns  of  host- seeking  activities  during  the  night. 
Linear  regression  analyses  were  employed  (SYSTAT,  1989)  to  test  the  effects  of  temperature 
and  moon  phase  on  host-seeking  activities  and  to  determine  associations  of  parity  rates  with 
progression  of  time  during  the  night.  The  Fisher  PLSD  tests  were  performed  to  compare 
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parity  rates  during  different  quarters  of  the  night 

Monthly  survival  estimates  were  calculated  for  indoor  and  outdoor  populations 
collected  during  the  malaria  transmission  months  in  both  years.  The  probability  of  daily 
survival,  based  on  monthly  parity  rates,  was  computed  with  Davidson's  (1954)  formula. 

The  third  root,  which  equates  to  the  number  of  days  required  for  completing  the  gonotrophic 
cycle  (Chapter  2),  was  employed  in  these  calculations.  An  estimation  was  also  made  of  the 
probability  of  females  surviving  for  nine  days,  calculated  by  raising  the  daily  survival  value 
to  an  exponent  of  nine  (MacDonald,  1973). 
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RESULTS 

Population  dynamics  and  seasonal  changes 

In  addition  to  An.  pseudopunctipennis.  An.  albimanus,  An.  apicimacula  and  An. 
eiseni  were  also  captured  in  the  four  villages.  However,  the  latter  three  species  were 
captured  infrequently  and  accounted  for  less  than  1%  of  the  total  number  of  anophelines 
collected  during  the  two  years  of  surveillance. 

Seasonal  densities  of  An.  pseudopunctipennis  mosquitoes  were  analyzed  by  pooling 
all  collections  from  all  villages  (Fig.  1).  Highest  densities  were  associated  with  the  drier 
months  of  the  year.  In  1990  and  1991,  peak  densities  occurred  in  January,  but  population 
densities  subsequently  declined.  Vector  populations  in  1991  started  increasing  three  months 
later,  but  heavy  rains  in  April  eliminated  the  breeding  sites  in  the  Coatan  River.  After  these 
rains  the  vector  populations  largely  disappeared  until  the  beginning  of  the  dry  season  in 
November. 

With  pooled  collection  data  for  all  villages,  highest  vector  densities  occurred  during 
January  to  March  in  the  first  year,  and  from  December  to  March  in  the  second  year  of 
surveillance.  The  numbers  of  mosquitoes  captured  per  man  per  night  (m/m/n)  inside  houses 
for  both  years  were  greater  in  El  Retiro  and  El  Plan  than  in  La  Concordia  and  La  Ceiba. 
Range  limits  for  densities  in  the  former  two  villages  during  January,  February  and  March  of 
1990  were  18-27  and  5-23,  respectively.  Range  limits  for  the  same  villages  during  the  dry 
season  of  1991,  from  December  to  March,  were  5-18  and  9-20  m/m/n,  respectively.  Range 
limits  of  anopheline  densities  for  La  Concordia  were  2-9  in  1990  and  2-3  m/m/n  in  1991 ,  and 
in  La  Ceiba,  the  range  limits  of  densities  were  1-4  in  1990  and  1-3  m/m/n  in  1991  (Table  1). 
Only  El  Plan  presented  indoor  densities  of  An.  pseudopunctipennis  populations  that  were 
significantly  different  in  1991  from  population  densities  of  1990  (X2=18.67,  /><0.01,df=5). 

In  paired  collections,  greater  numbers  of  An.  pseudopunctipennis  were  captured  per 
man  per  night  outside  than  inside  houses  in  El  Retire,  La  Ceiba  and  La  Concordia  (Table  1); 
and  greater  numbers  were  collected  in  extradomiciliary  collections  than  inside  houses. 
However,  in  El  Plan  the  numbers  collected  in  outdoors  (Wilcoxon  paired  test,  P>0.05)  or 
extradomiciliary  (P>0.05)  collections  were  not  statistically  different  from  indoor  collections. 
In  comparisons  of  outdoor  collections  from  El  Retiro  and  El  Plan,  the  extradomiciliary 
landing  collections  were  not  significantly  different  from  numbers  collected  within  5-10  m  of 
the  houses. 


Biting  activity 

The  generalized  pattern  of  nightly  host-seeking  activity  was  plotted  by  percentages  of 
An.  pseudopunctipennis  collected  per  hour  over  the  total  nights  collection.  The  pattern  is 
derived  from  data  pooled  from  126  nights  of  collecting  effort  The  generalized  indoor 
activity  cycle  showed  a  bimodal  pattern  (Fig.  2),  with  an  early,  small  peak  around  2000  h 
followed  by  a  second,  higher  peak  at  0100  h.  Numbers  collected  were  continually  increasing 
during  the  time  interval  from  the  first  to  the  second  activity  peaks.  In  a  similar  analysis  of 
data  from  collections  conducted  outdoors,  there  was  a  small  peak  at  2200  h  and  a  large  peak 
of  activity  at  2400  h.  Conversely,  host-seeking  activity  exhibited  in  extradomicilary  landing 
collections  and  animal  trap  collections  peaked  at  2100  h  and  1900  h,  with  smaller  peaks  at 
0100  h  and  2400  h,  respectively.  Comparisons  of  activity  patterns,  as  described,  with  the 
Kolmogorov-Smimov  test  (Siegel,  1956)  revealed  that  the  generalized  pattern  of  indoor 
activity  was  significantly  different  (P<  0.05)  from  patterns  exhibited  in  the  outdoor  landing 
collections  and  horse-baited  trap  collections.  However,  there  were  no  significant  differences 
( P>  0.05)  between  patterns  of  outdoor  and  extradomiciliary  host-seeking  activity. 

Pooled  data  from  landing  collections  conducted  near  the  house  and  at  extradomiciliary 
sites  were  used  to  analyze  the  effects  of  ambient  temperatures  and  moon  phases  on  host¬ 
seeking  activity  cycles.  Data  were  pooled  from  a  total  of  1 1 1  nights  of  collections  and  sorted 
into  three  classes  according  to  mean  overnight  temperatures.  The  classes  consisted  of  nights 
with  mean  temperatures  above  20  °C,  from  15  to  20  °C,  and  below  15  °C.  Hourly  biting 
densities  were  transformed  to  percentages,  plotted  versus  time  and  analyzed  by  simple  linear 
regression  (Zar,  1984). 

Of  1 1 1  nights  of  observations,  the  mean  temperature  was  below  15°C  during  57 
nights  (51.3%)  and  below  20  °C  during  99  nights  (cumulative  value  of  89.2%).  The  record 
low  mean  temperature  (9.7  °C)  occurred  in  January  and  the  record  high  mean  temperature 
occurred  in  April  (21.3  °C).  Only  low  temperatures  seemed  to  exert  a  regulatory  effect  on 
An.  pseudopunctipennis  host-seeking  activity  (Fig.  3).  Activity  patterns  during  nights  with 
mean  temperatures  below  15  °C  were  characterized  by  higher  peaks  of  activity  during  the 
warmer,  earlier  hours  of  the  night  This  period  of  peak  activity  was  followed  by  a  trend  of 
diminishing  activity  during  the  rest  of  the  night.  However,  a  small,  late-night  peak  of  activity 
was  still  detectable.  During  nights  with  mean  temperature  below  15  °C,  there  were 
significantly  fewer  (X2=106.25,  P<0.01,  df=l)  mosquito  feeding  during  the  second  half  of 
the  nights  than  during  those  nights  with  mean  temperatures  above  20  °C  (SYSTAT,  1989). 
Mean  ambient  temperatures  of  15-20°C  were  associated  with  a  unimodal  pattern,  with  peak 
activity  occurring  at  2400  h.  During  nights  with  mean  temperatures  above  20  °C,  a  small 
surge  of  activity  occurred  at  1800  h.  This  was  followed  by  a  large  peak  of  activity  at  0200  h. 
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The  effects  of  moonlight  on  An.  pseudopunctipennis  activity  were  analyzed  by 
compiling  moon-phase  data  for  all  days  for  which  we  had  outdoor  mosquito  density  data, 
with  population  densities  of  at  least  one  female  per  hour.  The  mosquito  landing  rates  were 
pooled  for  each  hour,  averaged,  and  plotted  versus  moon  phases  (Fig.  4).  Peaks  in  landing- 
rate  densities  shifted  from  early  to  late  night  as  the  moon  advanced  from  New  Moon  to  the 
Last  Quarter.  This  occurred  concurrently  with  the  moon's  rising  later  at  night.  Peaks  in 
landing  rates  occurred  at  1900  and  2100  h  during  the  New  Moon,  with  almost  no  activity 
during  the  second  half  of  the  night.  Most  mosquito  activity  occurred  in  the  first  half  of  the 
night  during  the  First  Quarter  moon  phase.  Peaks  in  activity  were  at  2100  and  2400  h.  A 
unimodal  late  night  peak  of  activity  occurred  at  2400  h  during  the  Full  Moon  phase,  and  most 
specimens  were  captured  during  the  second  half  of  the  night  Activity  patterns  in  the  Last 
Quarter  moon  phase  seemed  intermediate  between  activity  patterns  with  late  (Full  Moon)  or 
early  evening  (New  Moon  and  First  Quarter  moon  phases)  peaks  in  host-seeking  activity 
(Fig.  4). 

Kolmogorv-Smimov  two-sample  tests  using  the  cumulative  frequency  distribution  of 
the  sample  data,  showed  no  significant  differences  in  night  activity  patterns  between  First 
Quarter  to  Full  and  Last  Moon,  and  Full  to  Last  Quarter  moon  phases.  Activity  patterns 
between  New  Moon  to  First,  Full  and  Last  Quarter  phases  were  significantly  different 
(P<0.05).  These  relationships  of  moon  phase  to  mosquito  activities  from  two  years  of  data 
were  confirmed  by  separate  analysis  of  daily  mosquito  captures  on  a  whole  lunar  cycle, 
encompassing  one  month,  as  shown  in  Table  2  and  Fig.  4. 


Population  age-structure 

Data  analyses  were  performed  to  compare  the  distribution,  by  physiological 
condition,  of  host- seeking  An.  pseudopunctipennis  females  throughout  the  night.  Of  810 
An.  pseudopunctipennis  females  captured  inside  of  houses,  more  than  66%  of  the  140 
specimens  captured  in  the  early  evening  (1800-2100  h)  were  nulliparous.  In  contrast,  less 
than  55%  of  the  153  specimens  captured  later  in  the  night  (0300-0600)  were  nulliparous 
(Table  3).  Division  of  total  night  collections  in  quarters  and  comparative  parity  analysis  by 
Fisher  PLSD  test,  showed  significant  differences  between  the  earlier  versus  the  late  quarter 
(P<0.05).  The  same  nocturnal  distribution  of  host-seeking  populations  by  physiological 
condition  was  not  observed  for  host-seeking  populations  collected  outside  the  houses. 

The  separate  parity  rates  of  specimens  collected  in  landing  captures  inside  and  outside 
of  houses  were  used  to  calculate  daily  survival  rates  of  An.  pseudopunctipennis  females  per 
month  for  January,  February,  March  and  April.  Only  data  from  El  Retiro  and  El  Plan  were 
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used  in  these  calculations.  Daily  survival  rates  were  then  employed  to  estimate  monthly 
probabilities  of  surviving  for  nine  days.  In  1990,  the  maximum  probability  of  An. 
pseudopunctipennis  females  surviving  for  nine  days,  based  on  indoor  collections  in  El  Plan, 
was  25.7%  for  the  month  of  January  (Table  4),  while  the  maximum  probability  for  1991  was 
10.6%  during  January.  Maximum  nine-day  survival  for  indoor  collected  females  in  El  Retiro 
was  8.4%  in  February  1990  and  9.5%  in  January  1991  (the  100%  survival  rate  in  March 
represented  only  five  females).  Similar  nine-day  survival  probabilities  were  calculated  on 
parity  rates  from  specimens  collected  outside.  The  maximum  monthly  probabilities  were 
35.0%  and  18.2%  for  January  1990  and  1991  in  El  Plan,  respectively.  A  lower  maximum 
survival  rate  was  determined  in  El  Retiro  outdoor  populations;  i.  e.,  9.5%  in  January  1990 
and  5.8%  during  the  same  month  in  1991  (again,  the  high  value  of  February  1990  was  not 
considered  because  of  the  small  sample  size).  The  probabilities  of  survival  decreased 
markedly  after  the  months  of  peak  survival  rates  for  both  indoor  and  outdoor  collections 
during  both  years  (Table  4).  The  drop  in  survival  rates  concomitantly  with  a  drop  in  adult 
biting  populations  corresponded,  in  general,  with  the  time  that  houses  were  sprayed  with 
insecticides  in  1990  (April)  and  1991  (late  January  and  early  February). 


Trapping  method  comparisons 

Data  were  compiled  to  compare  the  relative  attractivenesss  of  humans  (in  different 
environmental  settings)  versus  horses  to  An.  pseudopunctipennis  females.  Additionally,  the 
efficiency  of  captures  employing  the  above  hosts  were  compared  with  ultraviolet  light  trap 
captures.  During  the  18  months  of  sampling,  this  sampling  scheme  was  conducted 
continuously  during  286  nights  in  the  four  villages.  The  overall  ratio  of  numbers  of  An. 
pseudopunctipennis  attracted  to  a  single  human  host  versus  numbers  attracted  to  a  horse 
tethered  inside  a  screened  trap  was  1:4  (1266:5476)  (Table  5).  The  trends  of  numbers 
collected  in  landing  captures  on  the  human  host  versus  horse-baited  traps  were  similar 
throughout. 

In  paired  collections  of  mosquitoes  landing  on  the  human  host,  collections  conducted 
indoors  accounted  for  21.7%  of  the  total  number  collected.  Collections  conducted  outside, 
near  the  house,  accounted  for  another  35.5%,  and  collections  at  the  extradomiciliary  site 
accounted  for  the  remaining  42.8%  of  the  total  number  collected. 

Only  113  specimens,  mostly  females,  of  An.  pseudopunctipennis  were  captured  in 
the  ultraviolet  light  traps  during  the  two  sampling  years.  The  highest  capture  record  was  four 
anophelines/trap/night  in  January. 
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CS-protein  rates 

A  total  of  9,386  head-thoraces  of  An.  pseudopunctipennis  were  assayed  for  the 
presence  of  P.  vivax  VK210  and  VK247.  The  VK2 10  CS-protein  was  detected  and 
confirmed  in  four  An.  pseudopunctipennis  head-thorax  samples,  for  an  infection  rate  of 
0.0004.  The  VK247  CS  protein  was  detected  and  confirmed  in  six  specimens,  for  an 
infection  rate  of  0.0006.  The  overall  infection  rate  for  both  CS  proteins  was  0.001. 

The  four  VK-210  positive  specimens  were  captured  in  El  Retiro  and  El  Plan:  one  in 
El  Retiro  during  1990  (1/2482=0.0004),  two  (2/2392=0.0008)  in  1991,  and  one  in  El  Plan 
(1/1837=0.0005)  in  1991.  Three  of  these  isolates  were  from  the  horse-baited  trap  and  one 
was  from  a  pit-shelter  collection.  Of  the  six  VK-247  positive  specimens,  four 
(4/2392=0.002)  were  from  El  Retiro  (in  1991)  and  two  were  from  El  Plan:  one 
(1/859=0.001)  in  1990  and  one  (1/1837=0.0005)  in  1991.  Two  of  the  positive  specimens 
were  from  horse-baited  traps  and  four  were  from  pit-shelter  collections.  Combined  classic 
and  variant  P.  vivax  CS-proteins  accounted  for  infection  rates  in  1990  of  0.001(1/859)  for 
El  Plan  and  0.0004  (1/2482)  at  El  Retiro,  while  combined  rates  in  1991  where  0.001 
(2/1837)  for  El  Plan,  and  0.002  in  El  Retiro  (2/2392).  No  specimens  collected  in  La  Ceiba 
or  La  Concordia  were  positive  for  the  P.  vivax  CS  proteins. 

The  appearance  of  specimens  positive  for  the  CS-antigen  was  associated  with  times 
of  peak  abundance  of  the  vector  populations.  These  times  also  corresponded  to  the  times 
of  peak  malaria  transmission  in  the  study  area  (Loyola,  1991,  personal  communication). 


DISCUSSION 


The  phenology  of  An.  pseudopunctipennis  populations  in  the  Tapachula  area  is 
strongly  associated  with  seasonal  dry  season  conditions  encountered  in  the  mountain  and 
foothill  environments.  Local  populations  of  this  anopheline  flourish  at  higher  elevations 
(above  200  m),  with  relatively  cool  ambient  temperatures  and  short  dry  seasons. 

According  to  Shannon  (1930)  and  Hackett  (1945),  similar  environmental  conditions 
characterize  the  distribution  of  An.  pseudopunctipennis  populations  in  Peru  and  Argentina. 

Anopheles  pseudopunctipennis  is  responsible  for  transmitting  malaria  in  much  of 
Central  America  and  within  the  Andean  region,  from  northern  Argentina  to  Colombia  (Pan 
American  Health  Organization,  1991).  Throughout  the  malaria  endemic  countries  of  the 
Andean  Region  and  Central  America,  populations  of  this  important  vector  species  are 
largely  restricted  to  the  dry  season.  This  consistent  pattern  is  associated  with  growths  of 
filamentous  algae  in  streams  and  pools  formed  in  drying  rivers  (Hackett,  1945).  Thus,  an 
abundance  of  pools  with  filamentous  algae  allow  a  proliferation  of  An.  pseudopunctipennis 
populations  during  the  dry  season.  As  in  southern  Mexico,  the  breeding  sites  are  flushed 
by  heavy  rains  of  the  wet  season,  and  the  rains  are  followed  by  a  dramatic  drop  in  densities 
of  adult  populations. 

Regarding  the  anthropophilic  habit  of  the  vector,  man-vector  contact  was  higher  in 
the  villages  at  higher  elevations  and  closer  to  the  Coatan  River,  viz.,  El  Retiro  and  La 
Concordia.  These  villages  have  also  presented  higher  malaria  rates  than  La  Ceiba  and  La 
Concordia  (Loyola,  1988,  unpublished  data).  Densities  of  An.  pseudopunctipennis 
collected  indoors  reached  levels  as  high  as  23-27  mosquitoes/man/night  about  one  month 
after  the  beginning  of  the  dry  season  during  both  years  of  collections.  Even  when 
population  densities  were  reduced  in  1991  by  spraying  house  walls  with  DDT,  malaria 
outbreaks  occurred  in  the  villages  (Malaria  Research  Center,  unpublished  data).  Loyola,  el 
al.  (1990)  have  shown  that  there  is  a  repellent  effect  of  DDT  which  results  in  reduced 
numbers  of  An.  pseudopunctipennis  entering  sprayed  houses  in  northwest  Mexico.  As 
described  by  Loyola,  et  al.  (1991),  malaria  persists  in  villages,  as  in  those  of  the  Tapachula 
foothill  area  that  are  routinely  sprayed  with  DDT.  Persistence  of  malaria  transmission  in 
treated  villages  raises  the  possibility  that  An.  pseudopunctipennis  has  become 
physiologically  or  ethologically  resistant  to  DDT.  However,  the  results  of  outdoor 
collections  near  houses  and  away  from  houses  (extradomiciliary)  indicate  that  the 
anophelines  will  opportunistically  feed  on  humans  throughout  the  night.  Consequently, 
malaria  might  be  transmitted  by  opportunistic  feeding  outdoors  as  a  result  of  certain 
schedules  and  types  of  human  activities  outside. 
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Interestingly,  collections  at  each  of  the  three  sites  in  El  Plan,  indoors,  outside  near 
the  house,  and  outside  away  from  houses,  were  similar  and  were  indicative  of  a  strong 
anthropophilic  feeding  behavior.  In  a  separate  study  of  An.  pseudopunctipennis  feeding 
patterns  (Chapter  3),  56.7-88.1%  of  females  resting  indoors  in  El  Plan  had  fed  on  human 
blood.  Coincidentally,  man  was  the  more  abundant  and  available  host  in  El  Plan. 

The  feeding  behavior  of  anophelines  is  controlled  by  endogenous  circadian 
rhythms,  which  can  be  influenced  by  external  factors  such  as  temperature,  relative  humidity 
and  light  intensity  (Clements,  1963).  Landing  collections  of  An.  pseudopunctipennis 
females  conducted  in  the  four  villages  in  the  Tapachula  foothills  were  designed  to  document 
the  general  host-seeking  patterns,  as  well  as  activity  patterns  for  different  temperatures  and 
different  moon  phases.  Such  information  should  be  valuable  for  designing  future  studies. 
In  fact,  knowledge  of  host-seeking  activity  patterns  should  be  useful  in  designing 
feasibility  studies  for  use  of  insecticide/repellent  impregnated  bednets  in  malaria  control 
programs. 

The  cycle  of  indoor  host-seeking  activity  was  bimodal,  and  while  it  was  similar  to 
the  pattern  of  biting  activity  for  An.  pseudopunctipennis  in  Peru,  it  was  different  from  the 
unimodal  pattern  for  the  same  species  in  Ecuador  (Elliot,  1972).  The  peak  at  2000  h  was 
similar  to  findings  from  Peru,  while  the  late-night  peak  occurred  three  hours  earlier  than 
patterns  reported  from  South  America.  The  first  peak  of  activity  occurred  around  the  time 
when  residents  could  be  expected  to  be  eating  dinner  or  else  be  outside  chatting  with 
neighbors.  The  late  peak  occurred  while  most  residents  are  sleeping  and,  as  stated  by 
Gillies  (1988), "  ...a  sleeping  or  reclining  host  is  less  easily  disturbed  by  bites  and  feeding 
success  will  tend  to  be  higher."  The  more  efficient  vectors,  such  as  An.  gambiae  and  An. 
funestus,  feed  late  at  night  while  the  human  hosts  are  sleeping  (Gillies,  1988). 

Populations  of  An.  albimanus,  the  other  vector  in  Chiapas  state,  are  much  more 
abundant  in  domestic,  coastal  environments  (Bown,  et  al.,  1987)  than  are  populations  of 
An.  pseudopunctipennis  in  domestic  foothill  environments.  The  former  species  is 
crepuscular  in  its  host-seeking  behavior  (Elliot,  1972)  and  seems  to  be  an  effective  malaria 
vector  only  when  population  densities  are  high  (Rodriguez  and  Loyola,  1989).  In  contrast. 
An.  pseudopunctipennis  more  frequently  feeds  late  at  night,  while  the  human  host  is 
asleep,  and  transmits  malaria  at  much  lower  vector  densities.  Although  the  patterns  of 
host-seeking  behavior  seem  to  be  important  components  of  vector  competence,  we  do  not 
know  the  actual  contribution  these  differences  make  to  vector  efficiency.  Another 
important  aspect  of  the  malaria  threat  relates  to  risks  imposed  by  certain  types  of  human 
behavior.  Anthropological  studies  are  currently  underway  to  assess  malaria  risks  as 
attributes  of  certain  behavioral  patterns  of  the  human  populations  (Birgham,  1990, 
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unpublished  data) 

Significantly  different  bi modal  patterns  of  indoor  and  outdoor  activity  were 
exhibited  by  the  host-seeking  populations  of  An.  pseudopunctipennis.  Differences  in 
timing  of  peak  activity  might  be  explained  as  a  lag  of  about  one  hour  from  from  the  time 
mosquito  first  arrives  at  outdoor  sites  to  the  time  it  enters  the  domicile.  The  one-hour  delay 
from  outdoor  to  indoor  peaks  of  activity  was  true  for  both  peaks  in  the  bimodal  activity 
patterns. 

Most  females  from  the  early-evening  extradomiciliaiy  and  horse-baited  trap 
collections  were  nulliparous.  The  early-evening  peaks  in  activity  for  both  types  of 
collections  might  consist  of  specimens  from  dispersal  flights  and  flights  of  virgin  females 
(Gillies,  1988). 

Ambient  temperature  had  demonstrable  effects  on  host-seeking  activity.  There  was 
a  direct  regulatory  effect  at  lower  temperatures,  with  a  shift  in  activity  to  the  earlier  and 
warmer  periods  of  the  night  (Fig.  4).  The  positive  correlation  between  average  night-time 
temperatures  below  15°C  and  host- seeking  is  probably  linked  to  the  lower  temperature 
threshold  for  this  high  elevation  species.  Low  temperature  tolerance  probably  represents  a 
physiological  adaptation  to  survive  the  cooler  climate  in  high  elevations,  such  as  the  Sierra 
Madre  mountain  range  in  southern  Mexico  and  the  Andean  Region  in  South  America 
(Hackett,  1945).  In  contrast  to  the  low  temperature  effects,  there  was  a  shift  of  peak  host¬ 
seeking  activity  toward  late-night  intervals  with  warmer  night-time  temperatures. 
Additionally,  higher  levels  of  host-seeking  activities  were  maintained  for  a  greater  part  of 
the  night.  In  fact,  females  continued  to  feed  during  most  of  the  second  half  of  the  night 
with  warmer  temperatures.  These  findings  provide  clear  evidence  of  the  marked  affect 
ambient  temperature  can  exert  on  vector  behavior. 

Activity  patterns  of  host-seeking  An.  pseudopunctipennis  populations  seemed  to  be 
regulated  by  endogenous  circadian  rhythms,  which  were  influenced  by  the  lunar  cycle.  The 
same  lunar  periodicity  of  host-seeking  behavior  has  been  documented  for  An.  dirus  in 
Bangladesh  (Rosenberg  and  Maheswary,  1982)  and  An.farauti  in  Papua,  New  Guinea 
(Charlwood,  et  al.,  1986).  Lunar  regulation  of  activity  patterns  may  occur  as  a  result  of 
cues  from  visible  moonlight.  This  interpretation  is  based  on  the  appearance  of  greater 
activity  during  moon-rise,  while  peak  activity  occurred  when  the  moon  was  at  its  zenith 
(maximum  luminiscence).  Host-seeking  activity  was  limited  to  the  early-evening  hours 
during  the  darker  moon  phases.  Twilight  might  be  the  source  of  some  early-evening  light 
that  would  aid  the  host-seeking  mosquitoes.  These  behavior  patterns  closely  approximated 
the  host-seeking  activity  patterns  of  An.farauti  in  New  Guinea,  but  were  slightly  different 
from  those  of  An.  dirus  in  India.  The  competitive  effect  of  moonlight  on  the  results  of 


mosquito  light  trapping  has  been  reported  by  Davies  (1975);  however,  this  phenomenon 
seems  unrelated  to  the  interactions  of  moon  phase  and  host-seeking  behavior.  Although 
few  studies  have  been  performed,  the  importance  of  moon  phases  to  biological  systems  is 
emphasized  by  the  finding  that  mating,  emergence  and  feeding  activities  of  Clunio  marinus, 
an  intertidal  midge,  are  controlled  by  lunar  and  semi- lunar  cycles  (Page,  1985). 

Three  methods  were  employed  to  collect  An.  pseudopunctipennis.  Of  the  three 
methods,  the  inexpensive  horse-baited  trap  was  strikingly  more  efficient  at  collecting  large 
numbers  than  either  the  UVL  trap  or  the  landing  collections  from  humans.  This  reflects  the 
species  preference  for  feeding  on  larger  mammals,  such  as  horse,  donkey  and  cow. 

Similar  preferences  have  been  reported  for  this  species  in  the  Pacific  northwestern  coast  of 
Mexico  (Loyola,  et  al.,  1990),  in  Peru  (Sasse  and  Hackett,  1950)  and  also  in  the  Tapachula 
foothills  (Chapter  3).  The  horse-baited  trap  is  efficient  and  could  be  useful  in  surveying  for 
seasonal  population  changes  and  for  evaluating  control  strategies.  The  landing  collections 
from  the  collector's  feet  and  hands  should  continue  to  be  of  immense  value  in 
epidemiological  studies.  We  found  UV  light  traps  to  be  highly  inefficient  for  samping  An. 
pseudopunctipennis  populations.  However,  these  traps  have  been  reported  to  be  useful 
also  for  sampling  An.  albimanus  populations  (Wilton,  1975;  Sexton,  et  al.,  1986).  The 
former  differences  could  be  explained  by  several  factors  related  to  trap  light  source  and 
design,  physiological  condition  of  mosquitoes  caught,  and  moonlight,  although  there  is 
general  agreement  that  species  inhabiting  wooded  areas,  in  preference  to  exposed  habitats, 
appear  to  be  the  least  attracted  to  light  traps  (Service,  1976). 

Two  important  observations  were  obtained  from  the  assays  to  detect  P.  vivax  CS 
proteins  in  wild-caught  An.  pseudopunctipennis.  First,  our  results  provide  additional 
evidence  that  An.  pseudopunctipennis  is  a  vector  of  vivax  malaria  in  the  foothill  areas  of 
southern  Mexico.  Second,  our  results  provide  the  first  evidence  that  the  VK  247  P vivax 
strain  is  present  in  a  Mexican  vector.  However,  the  ELISA-based  results  need  to  be 
supported  with  data  on  salivary  gland  or  gut  infection  rates  from  other  places  in  Mexico, 
simply  because  there  has  been  a  remarkable  lack  of  malaria  field  studies  on  An. 
pseudopunctipennis.  The  latest  published  work  is  by  Loyola,  et  al.  (1991)  using  a  CS- 
protein  ELISA;  he  reported  0-3.16%  VK210  CS  protein  rates  in  An.  pseudopunctipennis 
from  Sinaloa,  Mexico.  The  last  known  record  of  sporozoite  infection  rates  in  An. 
pseudopunctipennis  was  from  a  work  in  Peru  by  Hayes,  et  al  (1987),  who  found  three  out 
of  1 17  (1.8%)  An.  pseudopunctipennis  females  with  glands  positive  for  sporozites. 
Salivary  gland  infection  rates  are  needed  to  better  quantify  the  vectorial  competence  of  this 
species  for  the  malaria  parasite.  Since  the  work  of  Warren,  et  al.  (1980),  who  could  not 
infect  laboratory-reared  An.  pseudopunctipennis  from  a  force-mated  colony  with  P.  vivax 
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or  P.  falciparum,  the  vectorial  role  of  An.  pseudopunctipennis  has  been  controversial. 

Our  results  for  the  VK247  P.  vivax  strain  verifies  its  presence  in  Mexico.  This 
finding  supports  the  results  of  Kain,  et  al.  (1992),  who  found  three  out  of  six  patients 
from  the  foothill  region  to  be  positive  for  the  VK247  strain.  The  results  of  Kain,  et  al. 
(1992)  were  obtained  by  testing  blood  dots  from  dried  filter  paper  with  polymerase  chain 
reaction  of  CS-gene  and  DNA  oligoprobe  hybridization,  as  well  as  identification  of 
antibody  to  CS  proteins  by  IFA  and  ELISA.  The  VK247  was  first  isolated  in  Thailand 
(Rosenberg,  et  al.,  1989).  Antibody  to  the  CS  protein  VK247  strain  also  has  been  reported 
in  Brazil  (Cochrane,  etal.,  1990). 
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SUMMARY 

Field  studies  on  the  bionomics  of  adult  An.  pseudopunctipennis  were  conducted 
to  assess  its  relative  importance  as  a  primary  vector  of  vivax  malaria  in  southern  Mexico. 
Routine  surveillance  was  conducted  in  four  malaria  endemic  villages  in  a  foothill  region 
near  Tapachula,  Mexico.  Population  densities  of  An.  pseudopunctipennis  increased  during 
the  dry  seasons  of  1990  and  1991.  During  both  years  the  outbreaks  of  malaria  occurred  in 
villages  at  times  of  peak  abundance  of  An.  pseudopunctipennis  mosquitoes.  The  pattern  of 
nocturnal  host-seeking  activity  indoors  was  bimodal.  The  late  night  peak  in  activity  was 
perhaps  of  greatest  epidemiological  importance,  since  it  occurred  when  most  residents  were 
asleep  and  fully  exposed  to  the  anophelines.  Ambient  temperatures  below  15  °C  exerted  a 
regulatory  effect  (reduced  activity)  on  host-seeking  activity.  Moon  phase  also  exerted 
control  of  the  pattern  of  host-seeking  activity.  Results  of  enzyme-linked  immunosorbent 
assays  performed  on  wild-caught  An.  pseudopunctipennis  specimens  documented  the 
presence  of  natural  infections  with  the  classical  and  new  VK  247  P.  vivax  variant.  These 
findings  verify  the  importance  of  An.  pseudopunctipennis  as  a  major  vector  of  vivax 
malaria  in  Mexico  and  extend  the  geographical  range  of  the  VK  247  P.  vivax  variant. 
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PER  CENT  OF  ANOPHELINES  IN  LANDING  COLLECTIONS 
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Figure  1.  Distribution  of  rainfall  and  An.  pseudopunctipennis  populations  in  the  foothills  near 
Tapachula,  Mexico  from  January  1990  to  June  1991.  Distribution  is  plotted  by  monthly 
percentages  of  the  total  numbers  collected  over  all  months. 
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Figure  2.  Patterns  of  host-seeking  activities  of  Anopheles  pseudopunctipennis 
females  based  on  126  nights  of  collections  in  four  villages  in  the  foothills  near 
Tapachula,  Mexico.  Data  are  plotted  by  percentages  of  hourly  landing  collections  on 
human  indoors,  outdoors  near  houses  and  outdoors  away  from  houses 
(extradomiciliary);  and  hourly  collections  from  horse-baited  trap. 
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Figure  3.  Patterns  of  host-seeking  activity  of  Anopheles  pseudopunctipennis  females  under 
different  conditions  of  ambient  temperature  in  four  villages  in  the  foothills  near  Tapachula, 
Mexico.  Data  are  plotted  by  hourly  percenatges  of  the  total  numbers  collected  landing  on 
humans  during  1990  and  1991  (n  =  nights  of  collections)* 
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Figure  4.  Moon-phase  effect  on  the  patterns  of  host- seeking  activity  of  Anopheles 
pseudopunctipennis  females  outoors  in  four  villages  in  the  foothills  near  Tapachula, 
Mexico.  Data  were  pooled  from  landing  collections  on  humans  during  1990  and  1991. 
Hourly  percentages  were  based  on  the  total  number  collected  ( n  =  nights  of  collections). 


Table  1.  Numbers  of  Anopheles  pseudopunctipennis  females  captured  in  landing  collections  indoors,  outdoors  near  houses,  and 
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Table  4.  Estimates  of  survival  rates  of  Anopheles  pseudopunctipennis  females  in  the  villages  of  El  Retiro  and  La  Ceiba,  located 
in  the  foothills  near  Tapachula,  Mexico.  Estimates  are  based  on  indoor  and  outdoor  landing  collections  during  1990  and  1991. 
Data  are  presented  by  month  on  numbers  collected,  per  cent  parous,  probability  of  survival  for  one  day  and  the  per  cent  that  will 
survive  for  nine  days. 
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CHAPTER  5 


Bionomics  of  Anopheles  pseudopunctipennis  in  the  Tapachula  foothills  area  of  southern 

Mexico.  II.  Larval  populations 
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INTRODUCTION. 

Anopheles  pseudopunctipennis  Theobald,  1901  is  the  most  widely  spread  malaria 
vector  in  Mexico.  This  species  and  the  coastal  dweller.  An.  albimanus,  have  been  the 
main  targets  of  the  National  Malaria  Control  Program  in  Mexico  during  the  last  two 
decades  (Rodriguez  and  Loyola,  1989). 

Anopheles  pseudopunctipennis  generally  inhabits  areas  of  higher  altitudes  (over 
200  m  above  sea  level)  throughout  its  geographical  range.  This  species  is  found  from  the 
southern  United  States  to  northern  Argentina  and  is  generally  associated  with  mountain 
ranges  such  as  the  Sierra  Madre  in  Mexico  and  the  Andes  in  South  America  (Aitken, 

1945).  Formation  of  the  larval  breeding  sites  in  this  rugged  topography  is  regulated  by 
annual  local  rainfall  patterns.  When  the  wet  season  ends,  breeding  sites  are  formed  by 
pools,  ponds  and  lagoons  developing  in  the  margins  of  rivers  and  streams.  Floating 
plants,  grasses  or  mats  of  filamentous  algae  are  characteristic  of  these  breeding  sites 
(Hoffmann  and  Samano,  1938;  Savage,  etal.,  1990).  As  adults  emerge  from  these  sites 
they  readily  fly  to  human  settlements,  where  they  feed  avidly  on  humans  and  large 
domestic  mammals.  Consequently,  this  species  is  an  important  vector  of  vivax  and 
falciparum  malaria  in  several  countries,  including  Mexico,  Guatemala,  Honduras, 

Ecuador,  Peru  and  Bolivia  (Pan  American  Health  Organization,  1991). 

Despite  the  usefulness  of  control  measures  directed  against  larvae  of  malaria 
vectors,  most  malaria  control  programs  worldwide  have  relied  heavily  on  the  use  of  DDT 
and  other  residual  insecticides  to  control  adult  mosquitoes  (Service,  1976).  Thereby, 
investigations  on  the  ecology  and  biology  of  the  larvae  of  An.  pseudopunctipennis  and 
other  vectors  have  infrequently  been  performed  in  most  countries,  including  Mexico. 

Vector  biology  is  an  important  component  of  malaria  epidemiology.  The 
population  dynamics  of  adults  and  larvae  of  vector  species  impinge  on  malaria 
transmission  risks  and  on  the  success  of  malaria  control  programs.  Since  little  is  known 
about  An.  pseudopunctipennis  biology,  the  Malaria  Research  Center  in  Tapachula, 

Mexico,  launched  a  program  of  An.  pseudopunctipennis  research  in  1989.  One  research 
goal  was  to  obtain  information  that  might  help  to  develop  new  approaches  to  the  control  of 
An.  pseudopunctipennis- transmitted  malaria  Data  on  the  gonotrophic  cycle,  daily 
survival  rates,  feeding  patterns,  and  Plasmodium  vivax  circumsporozoite  protein  rates  in 
adults  collected  in  the  Tapachula  foothills  have  been  previously  reported  (Chapter  2,  3  and 
4).  Included  here  are  observations  on  the  bionomics  of  the  larval  stage,  including 
seasonal  changes  in  larval  abundance,  as  well  as  observations  on  the  seasonal  dynamics  of 
larval  habitats. 
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MATERIALS  AND  METHODS 

Study  area 

The  study  sites  are  located  in  a  hilly  area  near  the  city  of  Tapachula.  This  is  also 
the  Soconusco  Region,  which  is  part  of  the  West  Sierra  Madre  Mountain  range  in 
southern  Mexico.  Elevations  of  sampling  sites  were  300  to  650  m  above  sea  level.  The 
region  is  mostly  devoted  to  coffee  production  and,  secondarily,  to  banana  and  cacao 
cultivation.  Although  the  natural  vegetation  is  continuously  being  replaced  by  coffee 
plants,  remnants  of  a  deciduous  tropical  forest  still  exist.  The  average  annual  rainfall  of 
3800  mm  is  distributed  mostly  within  a  six-month  wet  season,  from  May  to  November 
which  is  followed  by  a  dry  season  from  December  through  April.  Average  annual 
temperature  is  25°C,  and  relative  humidity  is  80-90%  for  most  of  the  year.  Topography 
varies  from  gentle  slopes  to  very  steep  hills  and  mountains,  and  narrow  valleys.  A  large 
number  of  creeks,  streams,  seepage  springs  and  temporary  roadside  puddles  are  present 
during  the  wet  season.  Some  of  these  habitats  support  anopheline  breeding;  however, 
most  dry  out  during  the  dry  season.  Of  these,  only  the  large  ground  pools,  lagoons, 
reservoirs,  man-made  gravel  pits,  etc.,  might  contain  water  throughout  the  year. 

The  Coatan  River  is  an  important  topographical  feature  of  malaria  epidemiology  in 
the  Tapachula  foothills.  This  river  is  one  of  the  largest  in  the  mountain  range,  and  it  cuts 
across  about  16  km  of  foothill  region.  Several  villages  on  the  banks  of  the  river  are 
experienced  seasonal  vivax  malaria.  Four  of  these  villages,  El  Retiro,  El  Plan,  La  Ceiba 
and  La  Concordia,  were  selected  as  study  sites  (Fig.  1). 

Water  of  the  Coatan  River  has  been  used  in  the  hydroelectric  plant,  "Cecilio  de 
Valle",  for  the  last  20  years.  The  plant  is  located  about  12  km  down  from  "La  Boquilla," 
which  is  the  point  where  the  water  is  collected  and  channeled  into  a  tube  leading  into  a 
reservoir  at  the  hydroelectric  plant  (Fig.  1).  The  water  used  in  the  hydroelectric  plant  is 
dumped  back  into  the  Coatan  River  at  a  site  near  La  Concordia  village.  The  environmental 
conditions  created  by  this  diversion  of  water  result  in  creation  of  abundant  An. 
pseudopunctipennis  breeding  sites  along  the  margins  of  the  river,  from  late  December  to 
early  May,  during  the  dry  season. 


Wet  season  breeding  sites 

During  the  wet  season  of  1990,  mosquito  breeding  sites  were  surveyed  throughout 
the  study  area,  to  include  villages  and  coffee  plantations.  Pools  in  margins  of  creeks, 
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streams,  irrigation  canals  and  springs,  as  well  as  lagoons,  rain  puddles,  ponds, 
reservoirs,  dams,  ground  pools  and  gravel  pits  were  surveyed  for  the  presence  of  larvae. 
At  each  of  these  sites,  larvae  were  collected  with  30  dips,  using  standard  350-ml  dippers 
(Service,  1976).  During  the  first  site  visit  larvae  were  collected  and  taken  to  the  Malaria 
Research  Center  insectary  where  they  were  reared  to  adults  and  identified  (Wilkerson  ,et 
al.,  1990).  To  prevent  possible  confusion  with  anopheline  species  besides  An. 
pseudopunctipennis  that  might  be  ovipositing  in  selected  sites,  those  initially  found  to 
harbor  other  Anopheles  species  were  eliminated  from  the  study,  and  only  An. 
pseudopunctipennis  and  anopheline-negative  sites  were  selected  and  monitored.  Selected 
sites  were  visited  either  monthly  or  bimonthly  during  the  next  12  months.  Larvae  were 
collected,  counted  and  returned  to  their  breeding  site  to  avoid  population  disturbances  that 
might  affect  the  larval  densities. 

The  wet  season  habitats  of  An.  albimanus  and  An.  pseudopunctipennis  larvae 
were  classified  using  criteria  established  by  Rejmankova,  et  al.  (1991).  Estimates  of 
larval  productivity  for  each  class  of  habitat  were  based  on  the  per  cent  of  total  collections 
positive  for  larvae  and  the  mean  density  of  larvae/dip.  Additionally,  the  following 
statistics  were  calculated  from  the  surveillance  data: 

1.  Per  cent  of  visits  that  were  positive  for  larvae  over  all  sampling  visits 

2.  Per  cent  of  visits  when  a  wet  season  class  of  habitats  had  water  during  the  total 
number  of  times  that  such  sites  were  sampled 

3.  Per  cent  of  visits  when  habitats  of  a  given  class  had  water  during  visits  in  the 
dry  season 

Wet  season  sites  were  considered  productive  if  more  than  one  specimen  was 
collected  and  if  the  site  was  positive  for  larvae  during  more  than  one  visit. 

Habitats  were  described  further  by  collecting  and  identifying  aquatic  and  semi- 
aquatic  plants  from  each  habitat  (Miranda,  1952).  Filamentous  algae  was  recorded  as 
present  or  absent  at  each  site.  Temporal  associations  between  larval  abundance,  algae  and 
plant  populations  for  every  class  of  wet  season  breeding  habitat  were  analyzed  by  Fisher 
exact  test,  two-tailed  test  (Zar,  1984). 


Dry  season  breeding  sites 

Surveillance  of  transects  along  the  Coatan  River  was  used  to  quantify  numbers  of 
pools  and  densities  of  larvae  at  different  localities  during  the  dry  season.  A  transect 
consisted  of  a  linear  distance  of  200  m  along  the  river,  and  both  sides  of  the  river  were 
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included  in  the  transect.  We  were  interested  in  correlating  larval  production  with  adult 
population  densities  at  four  villages  along  the  river.  Consequently,  one  transect  was 
located  at  each  of  the  four  villages  (Fig.  1).  Additionally,  densities  of  adult  populations 
were  routinely  sampled  within  each  village.  Distances  between  transects  and  village  sites 
were  about  one  km  to  El  Retiro,  0.5  km  to  El  Plan,  two  km  to  La  Ceiba  and  one  km  to  La 
Concordia. 

Sampling  of  transects  began  at  the  end  of  the  wet  season,  in  November  1990,  and 
was  continued  throughout  the  dry  season,  until  June  1991.  Transects  were  sampled  at 
two-week  to  one-month  intervals.  Larvae  were  collected  with  a  standard  350-ml  dipper, 
and  ten  dips  were  made  at  each  potential  breeding  site  (river  pool).  This  was  considered 
to  be  an  adequate  sample  size,  because  the  surface  area  of  individual  pools  was  seldom 
more  than  2  m2.  Some  field-collected  specimens  were  taken  to  the  Malaria  Research 
Center  entomology  laboratory  for  identification,  while  most  larvae  were  returned 
immediately  to  the  collection  sites. 

Changes  in  larval  densities  were  estimated  by  mean  numbers  of  larvae  per  dip. 

The  number  of  available  dry  season  sites/transect/month  was  another  estimator  of  malaria 
vector  abundance.  The  Pearson  correlation  coefficient  and  simple  linear  regression 
analyses  were  used  to  test  for  associations  between  densities  of  larvae  and  numbers  of  dry 
season  breeding  sites;  larval  abundance  and  per  cent  of  surface  area  with  filamentous 
algae;  and  larval  density  versus  size  of  habitat  (SYSTAT,  1989).  Additionally,  the 
number  of  larvae/m2  of  filamentous  algae  was  estimated  by  taking  the  total  surface  area 
covered  with  algae  for  all  dry  season  pools  of  a  transect,  divided  by  the  total  number  of 
larvae  collected  in  the  pools. 

Usefulness  of  larval  surveillance  as  an  estimator  of  adult  densities  in  study  villages 
was  evaluated  by  correlation  coefficients  of  monthly  densities  of  larval  and  adult 
populations.  The  numbers  of  larvae  were  transformed  to  Log  (x  +1)  (Service,  1976)  for 
use  in  the  analyses.  Data  on  population  densities  consisted  of  pooled  indoor  and  outdoor 
collections  of  adult  An.  pseudopunctipennis  females  as  they  landed  on  human  hosts;  such 
information  was  generated  by  concurrent  surveillance  of  adult  populations  in  the  villages 
(Chapter  4).  The  numbers  of  breeding  sites  in  different  transects  were  compared  by  the 
non-parametric  Wilcoxon  rank  test  (Siegel,  1956). 
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RESULTS 


Wet  season  breeding  sites 

A  group  of  75  mosquito  breeding  sites  was  surveyed  in  the  wet  season  of  1990. 
Ten  sites  were  identified  and  eliminated  from  surveillance  as  An.  albimanus  and  An. 
apicimacula  habitats.  Almost  70.0%  of  the  wet  season  sites  were  transitory,  consisting  of 
rain  puddles  (26.2%),  streams  (17.0%),  seepage  springs  (12.3%)  and  pools  in  river 
margins  (12.3%)  (Table  2).  These  transitory  habitats  produced  more  than  two-thirds 
(70. 1%)  of  the  total  numbers  of  larvae  collected  during  the  wet  season.  Seepage  springs 
produced  the  largest  numbers  of  larvae  (25.1%),  followed  by  ponds  (21.9%),  rain 
puddles  (15.2%),  river  margin  pools  (15.1%)  and  streams  (14.7%).  Lagoons,  gravel  pits 
and  reservoirs  produced  relatively  few  An.  pseudopunctipennis  larvae  (Table  1). 

Although  these  habitats  were  most  abundant  during  the  wet  season,  some  of  the  wet 
season  habitats  were  also  available  in  the  dry  season;  such  habitats  were  continuously 
monitored  during  both  seasons. 

Pools  associated  with  seepage  springs  and  river  margins  were  most  frequently 
positive  for  An.  pseudopunctipennis  larvae  throughout  the  year  (56.6%  and  40.0% 
respectively)  (Table  1).  These  results  were  based  on  12  continuous  months  of 
surveillance.  Rain  puddles  and  gravel  pits  were  less  frequently  positive  for  larvae  (22.5% 
and  13.2%,  respectively),  (Table  1).  Habitat  availability  from  wet  to  dry  season  varied 
drastically  for  some  favored  habitats;  e.g.,  seepage  springs  were  available  during  83.0% 
of  all  wet  season  visits,  but  were  available  for  only  1 1.8%  of  all  dry  season  visits. 

Similar  reductions  in  availability  were  documented  for  rain  puddles  (87.4  to  18.0%)  and 
pools  in  river  margins  (90.3  to  0.0%)  and  streams  (91.0  to  25.0%).  Larger  bodies  of 
water,  such  as  ponds,  large  lagoons  and  gravel  pits,  were  not  heavily  affected  by  seasonal 
changes,  and  were  available  throughout  the  year. 

Larval  abundance  in  the  study  area  was  negatively  associated  with  annual  rainfall 
(Fig.  2).  Maximum  larval  abundance  occurred  during  the  dry  season  and  was  least  during 
the  wet  season. 

Fifty-one  (78.5%)  of  the  wet  season  habitats  contained  variable  densities  of  An. 
pseudopunctipennis  larvae  during  one  or  more  visits  (Table  2).  All  of  eight  seepage 
springs  were  positive  for  An.  pseudopunctipennis  larvae  one  or  more  times  during  all 
visits.  Additionally,  ten  (91.0%)  stream,  seven  (87.5%)  river  pool  and  seven  (87.5%) 
lagoon  habitats  were  positive  for  An.  pseudopunctipennis  larvae  during  at  least  one  visit 
(Table  1).  Filamentous  algae,  mostly  species  of  Spyrogira  and  Oedogonium  (Prescott, 
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1978),  were  found  in  46.2%  of  all  wet  season  habitats  and  59.0%  of  the  habitats  that  were 
positive  for  larvae  (Table  2).  Filamentous  algae  were  significantly  associated  with 
seepage  springs  (Fisher  exact  test,  P<0.05).  A  high  percentage  (72.7%)  of  streams  also 
contained  algae.  Certain  types  of  floating  and  emergent  vegetation  were  statistically 
positivelly  associated  with  specific  wet  season  habitats  (/><0.05).  Associations  were 
documented  for  Ludwigia  octovalvis  and  Panicum  spp.  with  river  margin  pools, 
Heteranthera  limosa  with  seepage  springs;  and  Eichhornia  crassipes  and  Pistia  stratiotes 
with  ponds.  Weaker  associations  (/><0.10)  were  found  between  the  presence  of  An. 
pseudopunctipennis  larvae  and  Heterantera  limosa,  Ludwigia  octovalvis  and  Paspalum  sp. 
(Fisher  exact  test,  two-tails). 


Dry  season  breeding  sites 

The  tnumbers  of  pools  and  patches  of  filamentous  algae  along  transects  of  the 
Coatan  River  during  the  dry  season  were  negatively  related  to  rainfall  (Fig.  3).  The 
annual  rainfall  pattern  consisted  of  diminishing  rain  in  November,  followed  by  low 
amounts  of  rainfall  from  December  through  March.  Rainfall  started  to  increase  in  late 
April,  followed  by  heavy  rains  in  May.  Isolated  river  pools  that  served  as  An. 
pseudopunctipennis  larval  habitats  began  to  appear  in  November.  The  numbers  of  these 
habitats  continued  to  increase  throughout  the  dry  season;  then  the  habitats  were  washed 
away  by  increased  water  flow  in  May.  In  June,  no  dry  season  habitats  were  present  in  the 
transects  (Fig.  4). 

Overall,  the  largest  numbers  of  habitats  were  recorded  for  transects  at  El  Retiro 
and  El  Plan,  with  means  of  56.1  and  57.1  per  transect,  respectively  (Table  3).  Fewer 
habitats  formed  along  the  transect  at  La  Ceiba,  with  a  mean  of  24.8  pools.  The  least 
number  of  habitats  was  recorded  for  the  transect  at  La  Concordia,  with  a  mean  of 
0.7/transect.  There  were  no  differences  in  numbers  of  habitats  between  El  Retiro  and  El 
Plan  (Wilcoxon  rank  test,  P>0.05),  but  these  sites  were  statistically  different  from  La 
Ceiba  and  La  Concordia  (/’•dl.OS). 

Anopheles  pseudopunctipennis  larvae  appeared  quickly  as  habitats  formed  in  the 
transects.  The  percentages  of  such  habitats  with  An.  pseudopunctipennis  larvae  varied 
from  64.4%  to  76.6%  (Table  4).  There  was  a  clear  and  direct  relationship  (as  defined  by 
linear  regression  analysis)  between  the  monthly  numbers  of  breeding  sites  and  average 
densities  of  larvae  for  transects  at  El  Retiro  (r=0.655,  B=0.015,  P=0.13),  El  Plan 
(r=0.583,  B=0.01 1,  P= 0.036)  and  La  Ceiba  (r=0.555,  B=0.023,  />=0.049).  This 


105 


relationship  was  not  detectable  with  data  from  La  Concordia. 

The  presence  of  filamentous  algae  was  an  important  characteristic  of  the  riverine 
breeding  sites  during  the  dry  season  (Table  4).  Several  genera  of  filamentous  algae 
belonging  to  the  Phylum  Chlorophyta  grew  in  the  sunny  pools.  Spirogyra,  Chladophora, 
Oedogonium  and  Closterium  comprised  the  four  prevalent  genera,  with  two  species  of  the 
first  genus  being  most  frequent;  viz.,  S.  malmeara  and  S.  mayuscula  (Prescott,  1978). 
Filamentous  algae  were  consistently  present  in  the  four  transects,  with  the  lowest  mean 
per  cent  of  algae  and  pool  associations  recorded  for  La  Ceiba  (62.5%)  and  the  highest,  in 
La  Concordia  (83.3%).  Representative  data  from  transects  at  El  Plan  and  El  Retiro  were 
used  to  define  a  statistically  significant  ecological  relationships  between  presence  of  larvae 
and  presence  of  filamentous  algae  (X2=29.825,  df=l,  /*<0.01,  n=130).  The  densities  of 
larvae  were  positively  associated  with  the  amount  of  surface  area  covered  by  filamentous 
algae  (r=0.245,  6=0.282,  P=0.05).  There  was  a  similar  association  of  larval  density  with 
the  percentage  of  total  habitat  surface  area  covered  with  filamentous  algae  (r=0.438, 
6=0.01 1,  P=0.00). 

No  association  was  found  between  the  total  area  of  habitats  within  the  transect  and 
densities  of  larvae.  Larger  numbers  of  habitats  with  filamentous  algae  occurred  from 
January  to  March.  A  mean  of  33.0  larvae  were  collected/m2  of  filamentous  algae  in  El 
Retiro,  compared  to  means  of  28.6, 16.7  and  53.9  for  El  Plan,  La  Ceiba  and  La 
Concordia,  respectively  (Table  4). 

The  average  size  of  habitats  (m2  of  surface  area)  during  the  dry  season  was  similar 
for  El  Retiro,  El  Plan  and  La  Ceiba,  with  range  limits  of  1 . 1  - 1 .9  m2.  On  average,  the  few 
habitats  in  the  transect  at  La  Concordia  were  smaller  (Table  4). 

Pearson  correlation  coefficient  of  monthly  densities  of  larvae  versus  numbers  of 
An.  pseudopunctipennis  adults  were  significant  only  for  data  derived  from  El  Plan 
(r=0.678,  P<0.05).  Nevertheless,  the  general  patterns  in  population  abundance  of  adults 
and  larvae  were  similar  for  each  of  the  villages.  In  other  words,  when  larval  densities 
were  high,  densities  of  adult  populations  were  also  high  (Fig.  5). 
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DISCUSSION 

A  distinct  seasonality  in  types  and  availability  of  habitats  for  larvae  of  An. 
pseudopunctipennis  was  documented  in  twelve  months  of  collection  data.  During  the  wet 
season,  70.1%  of  the  larvae  were  collected  from  rainfall-dependent  habitats,  such  as  rain 
puddles,  seepage  springs,  streams  and  pools  in  river  margins.  Smaller  numbers  of  larvae 
were  collected  from  the  long-lived  ponds,  lagoons  and  reservoirs  (Table  1).  As  rainfall 
diminished  during  the  dry  season  most  of  the  transient  water  bodies  dried  out  However 
there  was  a  concurrent  increase  in  numbers  of  optimal  breeding  sites  along  several 
kilometers  of  the  Coatan  River  as  the  flow  of  water  decreased  during  the  dry  season. 

Population  densities  of  An.  pseudopunctipennis  larvae  and  adults,  and  malaria 
transmission  rates  were  at  peak  levels  during  the  dry  season  (Fig.  5).  Such  rain- 
dependent  seasonal  changes  in  vector  abundance  have  been  documented  for  other 
mosquito  species  and  other  groups  of  insects  in  the  non-seasonal  tropics  (Wolda  and 
Galindo,  1981). 

Seepage  springs  were  relatively  common  in  the  foothills  during  the  wet  season, 
when  they  were  important  breeding  sites  and  produced  the  largest  numbers  of  larvae.  In 
total,  56.6%  of  all  the  sampling  visits  to  seepage  spring  habitats  were  positive  for  An. 
pseudopunctipennis  larvae,  including  both  wet  and  dry  seasons  (Table  1).  This  important 
relationship  also  has  been  documented  for  this  anopheline  in  Oaxaca,  Mexico  (Hoffmann 
and  Samano,  1938),  Peru  (Shannon,  1930),  Argentina  (Shannon  and  Davis,  1927)  and 
Ecuador  (Levi -Castillo,  1945). 

We  do  not  know  if  there  is  any  wet  season  diapause  occurring  within  the  An. 
pseudopunctipennis  populations  in  southern  Mexico.  Hoffmann  (1929)  reported 
collecting  overwintering  larvae  in  springs  from  Central  Mexico.  Since  he  found  first 
instar  larvae  during  cooler  months,  even  with  freezing  temperatures,  he  agreed  with  the 
assessment  by  Shannon  and  Davis  (1927)  that  some  cool  weather  breeding  occurs  simply 
because  of  favorable,  warmer  temperatures  in  the  seepage  spring  habitats. 

Most  wet  season  habitats  containing  An.  pseudopunctipennis  larvae  also  contained 
filamentous  algae  and  other  aquatic  plants.  Filamentous  algae  of  the  genera  Spirogyra  and 
Oedogonium  (Chlorophyta)  were  found  in  46.2%  of  the  wet  season  habitats  included  in 
the  sampling  program  and  were  uniformly  present  in  the  seepage  spring  habitats  (Table  2). 
Moreover,  filamentous  algae  grew  densely  in  pools  within  transects  along  the  Coatan 
River,  with  greatest  abundance  occurring  during  January  to  April  (Table  4).  Savage,  et  al. 
(1990)  reported  the  An.  pseudopunctipennis- filamentous  algae  relationship  as  a  highly 
predictive  characteristic  of  wet  and  dry  season  habitats.  Furthermore,  this  phytoecological 
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relationship  has  been  reported  for  An.  pseudopunctipennis  throughout  its  geographical 
distribution  from  Mexico  to  South  America  (Aitken,  1945;  Hackett,  1945;  Shannon  and 
Davis,  1927).  Hoffmann  and  Samano  (1938)  proposed  that  the  algae  served  as  shelter 
and  food  for  the  larvae;  also,  he  classified  winter  breeding  sites  in  Oaxaca,  Mexico, 
according  to  whether  Hydrodictyon  or  Spirogyra  algal  species  were  most  prevalent 

Savage,  et  al.  (1990)  reported  that  Heteramhera  limosa,  a  semi-aquatic  plant  was 
significantly  associated  with  springs  in  which  An.  pseudopunctipennis  larvae  were 
collected.  Additionally,  floating  plants  and  flooded-but-emerged  grasses  were  found  to  be 
strongly  associated  with  some  wet  season  habitats.  Examples  of  these  associations  were 
ponds  and  lagoons  with  water  lettuce,  Eichhornia  crassipes,  and  the  water  hyacinth,  Pistia 
stratiotes,  representing  the  floating  plants,  and  several  genera  of  grasses,  e.g.,  Paspalum, 
Cyperus  and  Panicum  representing  the  flooded-but-emerged  grasses.  We  believe  that 
floating  and  emerged  vegetation,  either  macrophytes  or  microphytes,  might  stimulate  An. 
pseudopuctipennis  females  to  select  a  particular  opposition  site.  Interestingly,  larvae 
were  seldom  collected  from  wet  season  habitats  that  contained  little  or  no  vegetation;  e.g., 
gravel  pits,  lagoons  and  a  reservoir  (Table  1). 

When  heavy  rains  begin  at  the  end  of  the  dry  season,  the  river  pools  containing 
filamentous  algae  and  larvae  are  swept  clean  by  increased  river  flow.  This  occurs  when 
densities  of  adult  anopheline  populations  are  high.  It  seems  likely  that  with  the  sudden 
disappearance  of  preferred  oviposition  sites,  females  begin  selecting  the  rain  puddles  as 
alternative  sites  for  egg  deposition.  Intense  egg-laying  activity  as  a  result  of  dense  adult 
populations  in  May  (Fig.  2)  and  increased  per  cent  of  rain  puddles  containing  larvae 
(15.2%)  seem  to  support  this  assessment  (Table  1).  Nevertheless,  we  believe  this  simply 
reflects  the  mosquitoes’  ability  to  select  secondary  opposition  sites  when  their  preferred 
habitats  are  not  available. 

The  transect  method  was  useful  for  studying  the  dry  season  breeding  sites  of  An. 
pseudopunctipennis  in  the  Coatan  River.  Increases  in  numbers  of  habitats  and  densities  of 
larvae/pool  occurred  concurrently  (Table  3,  Fig.  4).  The  increase  in  numbers  of  pools  in 
the  river  bed  was  inversely  related  to  rainfall.  This  is  the  expected  situation,  which  seems 
to  characterize  the  seasonal  dynamics  of  An.  pseudopunctipennis  throughout  its 
geographical  range  (Shannon,  1930).  All  but  one  of  the  transects  showed  a  negative 
relationship  in  numbers  of  pools  with  decreased  rainfall.  However,  the  transect  at  La 
Concordia  contained  fewer  pools  during  the  dry  season  than  during  the  wet  season.  This 
surprising  result  occurred  because  water  is  diverted  from  the  river  above  El  Retiro  to  a 
hydroelectric  plant  (Fig.  1).  The  canal  for  diverting  the  water  has  been  in  use  since  1966. 
The  diversion  of  water  provides  a  16-km  stretch  of  river  with  reduced  water  flow  during 
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the  dry  season.  All  transects  and  study  villages,  with  the  exception  of  La  Concordia,  were 
located  along  the  river  where  water  flow  is  reduced.  Water  is  returned  to  the  river  about 
500  m  above  the  La  Concordia  transect.  The  hydroelectrical  plant  discharge  results  in 
increased  volume  and  speed  of  river  flow  and  in  decreased  numbers  of  pools  in  the  La 
Concordia  transect.  Densities  of  adult  and  larval  mosquitoes  were  equally  low  at  La 
Concordia.  This  observation  supports  the  idea  that  effective  larval  control  can  be  achieved 
through  environmental  modifications  or  manipulations;  e.g.,  draining  pools  and 
eliminating  pool-forming  depressions.  These  methods  were  successfully  employed  to 
control  An.  pseudopunctipennis  in  Ecuador  (Levi-Castillo,  1945). 

The  associations  of  An.  pseudopunctipennis  larvae  with  habitats  containing 
filamentous  algae  were  stronger  in  the  dry  season  (Table  4)  than  in  the  wet  season  (Table 
2).  The  prevalent  genus  of  filamentous  algae  in  the  dry  season  was  Spirogyra,  followed 
by  Cladophora,  Closterium  and  Oedogonium.  The  microhabitats  provided  by  the  algae 
resulted  in  larval  densities  as  high  as  62  per  m2of  surface  area  of  filamentous  algae  (Table 
4).  Range  limits  for  mean  numbers  of  larvae  were  16.7  to  53.9  larvae  per  m2  of  surface 
area  of  filamentous  algae.  Fortunately,  the  small  pools  (average  size  less  than  2  m2)  are 
focalized  along  the  river  margins  during  the  transmission  season.  This  placement  of 
breeding  sites  should  greatly  facilitate  the  task  of  larviciding  as  a  malaria  control  measure. 
The  strong  association  of  larvae  with  filamentous  algae  may  provide  potential  for  control 
in  the  future  through  use  of  herbicides  and  genetically  manipulated  algae  containing  toxic 
bacteria  crystals;  e.g..  Bacillus  thuringensis  israelensis  and  B.  sphaericus  ( W.  H.  O., 
1987).  However,  this  would  require  additional  research  to  more  clearly  define  the 
relationships  of  algae  and  An.  pseudopunctipennis  larvae. 

There  was  a  correlation  in  numbers  of  larvae  and  numbers  of  adults  collected  at  El 
Plan.  Correlations  between  sample  sizes  of  the  immature  and  adult  populations  were 
weak  for  the  other  three  study  sites.  Regardless,  there  was  general  agreement  of  sample 
data  in  population  trends  (Fig.  5).  In  other  words,  population  highs  and  lows  were 
frequently  the  same,  although  the  magnitude  of  population  sizes  was  less  apparent. 

Partly,  the  lack  of  statistically  significant  correlations  in  larvae-adult  population  densities 
could  be  related  to  the  use  of  insecticides  in  villages  to  control  the  populations  of  adults. 
Unfortunately,  insecticides  for  control  of  adults  and  larvae  were  not  applied  in  a  uniform 
manner  at  each  of  the  study  sites.  For  example,  in  El  Retiro,  DDT  was  sprayed  on  house 
walls  in  January  1991,  whereas,  focal  control  was  employed  in  El  Plan  the  same  month, 
based  on  selectively  spraying  only  those  houses  where  malaria  cases  were  previously 
reported  (Loyola,  1991,  unpublished  data).  This  difference  in  insecticide  treatment 
probably  had  an  impact  on  the  densities  of  larvae  and  adult  vectors  in  the  two  villages 
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(Fig.  5).  In  the  case  of  El  Retiro,  the  applications  of  DDT  to  all  house  walls  might  have 
resulted  in  reduced  larval  population  densities.  We  must  consider  this  possibility  simply 
because  the  treatment  of  house  walls  with  DDT  was  reported  to  reduce  larval  densities  in 
rice  fields  in  Central  Mexico  (Gahan  ,et  al.,  1949).  The  focal  spraying  of  houses  in  El 
Plan  probably  reduced  a  small  segment  of  the  house-visiting  adults,  and  therefore  had  a 
smaller  total  effect  on  larval  populations. 

Other  factors  accounting  for  discrepancies  in  densities  of  adult  versus  larval 
populations  in  the  villages  include  variations  in  water  flow  and  differences  in  distances  of 
study  villages  from  the  Coatan  River.  A  sudden  release  of  water  into  the  river  in  March, 
while  the  canal  was  under  repair,  eliminated  many  dry  season  pools  in  the  transect  at  El 
Retiro,  as  seen  in  Fig.  5.  On  the  other  hand,  high  densities  of  larvae  in  the  La  Ceiba 
transect  did  not  correspond  to  the  low  densities  of  adult  mosquitoes  in  the  village, 
probably  because  the  village  was  almost  two  km  from  the  river.  Although  Levi-Castillo 
(1945)  reports  that  the  flight  range  of  An.  pseudopunctipennis  in  Ecuador  is  3.6  km  the 
two  km  separating  La  Ceiba  from  the  River  is  probably  beyond  easy  flight  range  for  most 
of  the  vectors. 
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SUMMARY 

A  study  cm  the  population  dynamics  of  Anopheles  pseudopunctipennis  larvae  was 
conducted  in  a  foothill  region  near  Tapachula,  Mexico.  Systematic  surveillance  of  wet 
season  and  dry  season  habitats  was  conducted  from  1990-1991.  Sampling  along  transects 
of  the  Coatan  River  was  employed  to  quantify  habitat  availability  and  population  densities 
of  larvae  during  the  dry  season.  During  the  wet  season,  larvae  were  most  abundant  in 
temporary  habitats,  such  as  seepage  springs,  rain  pools  and  pools  in  stream  and  river 
margins.  The  temporary  habitats  disappeared  during  the  dry  season,  which  occurred 
concurrent  with  increasing  densities  of  larvae  in  habitats  within  transects  along  the  Coatan 
River.  The  great  abundance  of  the  dry  season  riverine  habitats;  viz.,  small  pools  with 
filamentous  algae,  resulted  in  peak  densities  of  host-seeking  adult  populations  in  villages 
associated  with  the  river.  During  both  seasons,  there  were  significant  associations  in  the 
presence  and  abundance  of  larvae  with  habitats  containing  filamentous  algae,  and 
secondarily  with  aquatic  and  semi-aquatic  plants.  There  was  a  significant  correlation 
between  mean  numbers  of  larvae  per  habitat  and  mean  numbers  of  breeding  sites  in  the 
transects.  Overall,  populations  of  An.  pseudopunctipennis  larvae  were  very  abundant 
during  the  dry  season  and  relatively  uncommon  during  the  wet  season. 
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La  Ceiba 


To  Tapachula 


Figure  1 .  Location  of  transects  along  the  Coatan  River  and  points  where  the  water  flow  is 
intercepted  and  later  returned.  The  study  area  is  located  in  the  foothills  near  Tapachula, 
Mexico. 
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September  1991.  Numbers  of  larvae  were  compiled  by  continuous  monitoring  of  habitats  that  were  characteristic  of  the  wet 
season. 
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Transect  1.  El  Retiro  ..  Transect  2.  El  Plan 
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Figure  5.  Monthly  densities  of  Anopheles  pseudopunctipennis  larvae  and  adults  at  four  sites  along  the  Coatan  River  in  the 
foothills  near  Tapachula,  Mexico.  (December  1990  to  May  1991).  Densities  of  adults  were  obtained  by  pooling  data  from 
all  indoor  and  outdoor  landing  collections  for  each  of  4  study  villages  (El  Retiro,  El  Plan,  La  Ceiba  and  La  Concordia). 
Densities  of  larvae  are  based  on  data  from  river  transects  at  sites  closest  to  each  of  the  four  villages. 
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in  the  dryt  season/number  of  dips  per  visit  (30). 


Table  2.  Associations  of  Anopheles  pseudopunctipennis  larvae  with  plants  in  different  categories  of  wet  season  habitats  that 
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Table  3.  Numbers  of  habitats  (river  pools)  and  densities  of  Anopheles  pseudopunctipennis  larvae  per  habitat  in  each  of  four 
transects  along  the  Coatan  River  in  the  foothills  near  Tapachula,  Mexico.  The  dry  season  habitats  within  transects  were  sampled 
from  November  1990  to  June  1991. 
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Table  4.  Associations  of  Anopheles  pseudopunctipennis  larvae  with  habitats  (river  pools)  containing 
filamentous  algae  in  each  of  four  transects  along  the  Coatan  River  in  the  foothills  near  Tapachula,  Mexico. 
Transects  were  sampled  from  November  1990  to  June  1991. _ 
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CONCLUSIONS  AND  RECOMMENDATIONS 


This  research  has  contributed  new  information  on  the  biology  of  An. 
pseudopunctipennis  and  new  insights  into  its  role  as  a  vector  of  malaria  in  southern 
Mexico. 

In  the  following  discussion,  components  of  the  vector  life  cycle  that  are 
traditionally  employed  in  defining  vectorial  capacity  will  be  emphasized.  This  discussion 
will  also  include  observations  on  other  population  parameters  which  will  contribute  to  a 
better  understanding  of  the  mosquitoes'  capabilities  to  transmit  malaria. 

The  estimate  of  vectorial  capacity  constitutes  an  attempt  to  quantify  an  important 
component  of  malaria  epidemiology.  Vectorial  capacity  has  been  defined  by  Garret-Jones 
and  Shidrawi  (1964)  as  "the  average  number  of  inoculations  with  a  specified  parasite, 
originating  from  one  case  of  malaria  in  unit  of  time,  that  a  vector  population  would 
distribute  to  man  if  all  the  vector  females  becomes  infected."  It  is  also  a  convenient  way  to 
express  malaria  risk,  or  in  other  words,  the  "receptivity"  of  a  defined  area  to  malaria 
(Bruce-Chwatt,  1985).  The  formula  for  vectorial  capacity  and  its  mathematical 
components  are: 

C=  =Vectorial  Capacity 


m  =  Man-biting  rate  or  number  of  mosquitoes/man/night, 
a  =  Man-biting  habit;  this  is  the  average  frequency  of  biting  on  man  by  the 
individual  mosquito,  which  also  depends  on  the  duration  of  the 
vector's  gonotrophic  cycle  and  the  Human  Blood  Index  (*HBI).  It  is 
calculated  as  the  reciprocal  of  the  numbers  of  days  required  for  the 
gonotrophic  cycle  multiplied  by  the  HBI: 
a  =g^x  HBI 


1 

-log*p 


p  =  Probability  of  the  female  mosquito's  surviving  one  day. 

pn  =  Probability  of  the  female  mosquito's  surviving  for  n  days  (n  = 

duration  of  the  extrinsic  incubation  period;  normally  for  P.  vivax  it  is 
nine  days,  and  10-12  days  for  P .  falciparum). 

•  a  =  Probability  of  infective  female  life,  or  the  proportion  of  the  populations 


surviving  beyond  the  extrinsic  incubation  period,  and  biting  another 
person  "a"  times  per  day. 


* 


HBI  is  defined  as  the  proportion  of  females  found  to  contain  human  blood. 
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Comparative  statistics  on  vectorial  capacities  have  been  calculated  for  An. 
pseudopunctipennis  in  the  Tapachula  foothills  for  the  dry  seasons  of  1990  and  1991,  and 
for  the  four  villages,  two  with  low  (La  Ceiba  and  La  Concordia)  and  two  with  high  (El 
Plan  and  El  Retiro)  vector  densities  (Table  1  and  2).  Data  from  months  with  higher  vector 
densities  were  used  in  these  calculations  to  show  the  density-dependent  relationships  of 
vectorial  capacity  estimates.  The  tabular  data  were  derived  from  indoor  host-seeking 
collections  that  were  reported  in  chapters  2,  3  and  4. 


Table  1.  Vectorial  capacity  (C)  and  other  parameters  used  to  calculate  vectorial  capacity  of 
Anopheles  pseudopunctipennis  mosquitoes  in  each  of  four  study  villages  in  the  foothills 
near  Tapachula,  Mexico.  Data  on  natural  populations  were  collected  during  January  and 


Februar^l^2i 


Expression 

El  Retiro 

January 

El  Plan 

February 

La  Ceiba 

January 

La  Concordia 

February 

ma  * 

27 

23 

4 

9 

GC 

3 

3 

3 

3 

HBI” 

0.36 

0.37 

0.06v 

0.06 

a 

0.12 

0.12 

0.02 

0.02 

PR* 

0.68 

0.40 

0.85 

0.33 

Pt 

0.8793 

0.7368 

0.9472 

0.6910 

n 

9 

9 

9 

9 

P" 

0.2763 

0.0639 

0.6137 

0.0359 

l/-log*p 

7.7  days 

3.2  days 

18.4  days 

2.7  days 

C 

7.8 

0.6 

0.9 

0.2 

GC=  Number  of  days  required  for  completing  the  gono trophic  cycle;  HBI=  Human  Blood  Index;  PR=  Parous  rates;  C= 
Vectorial  Capacity. 

•Numbers  landing  on  a  human  host  indoors 
••Unweigthed  HBI 

+  Computed  according  to  Davidson's  formula  (1954). 

^Standarized  with  La  Concordia  value  because  no  blood-engorged  specimens  were  collected  in  1990. 
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Table  2.  Vectorial  capacity  (Q  and  other  parameters  used  to  calculate  vectorial  capacity  of 
Anopheles  pseudopunctipennis  mosquitoes  in  each  of  four  study  villages  in  the  foothills 
near  Tapachula,  Mexico.  Data  on  natural  populations  were  collected  during  December 


1990  to  March  1991. 


Expression 

El  Retiro 

December 

El  Plan 

January 

La  Ceiba 

March 

La  Concordia 

December 

ma* 

18 

20 

5 

3 

GC 

3 

3 

3 

3 

HBI** 

0.42 

0.38 

0.11 

0.05 

a 

0.14 

0.13 

0.04 

0.02 

PR* 

0.450 

0.46 

0.47 

0.50 

P+ 

0.7663 

0.7719 

0.7774 

0.7937 

n 

9 

9 

9 

9 

P" 

0.0911 

0.0972 

0.1037 

0.1249 

l/-log*p 

3.7  days 

3.8  days 

3.9 

4.3  days 

C 

0.8 

0.9 

0.08 

0.03 

C=  Number  of  days  required  for  completing  the  gonotrophic  cycle,  HBI=  Human  Blood  Index.  PR=  Parous  rates,  C= 
Vectorial  Capacity. 

•Numbers  landing  on  a  human  host  indoors 
••Unweigthed  HBI 

t  Computed  according  to  Davidson's  formula  (1954). 


Large  numbers  of  malaria  cases  were  recorded  in  1990  and  1991  for  the 
villages  of  El  Retiro  and  El  Plan.  In  contrast,  malaria  cases  were  relatively  uncommon  in 
the  villages  of  La  Concordia  and  La  Ceiba  (Loyola,  E.  G.,  1991 ,  personal 
communication). 

Estimates  of  vectorial  capacity  (C)  as  high  as  7.8  (El  Retiro,  1990)  and  as  low 
as  0.03  (La  Concordia,  1991)  were  computed  for  An.  pseudopunctipennis  populations  in 
the  study  villages  (Tables  1  and  2).  Higher  estimates  of  vectorial  capacity  were  calculated 
for  populations  associated  with  El  Retiro  (7.8)  and  La  Ceiba  (0.9)  in  1990.  The  high 
vectorial  capacity  in  a  village  with  few  malaria  cases  (La  Ceiba)  can  probably  be  explained 
by  the  low  densities  of  vector  populations  (4  m/m/n).  Vector  capacity  for  An. 
pseudopunctipennis  populations  in  El  Plan  was  only  0.6,  but  more  cases  were  recorded  in 
this  village  than  for  either  La  Ceiba  or  La  Concordia.  High  vector  population  densities  (23 
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m/m/n)  and  HBI  (37%)  probably  favored  the  higher  malaria  infection  rates  in  the  vectors 
(P.  vi vox  CS-protein  rate  of  0.001,  or  1/859),  and  larger  numbers  of  malaria  cases  than 
expected  from  the  estimates  of  vectorial  capacity  alone.  Alternatively,  the  higher  estimate 
of  vectorial  capacity  (0.9)  of  populations  at  La  Ceiba  was  probably  due  to  high  vector 
survival  rates.  At  this  point,  we  need  to  emphasize  the  importance  of  survival  estimates  as 
denominators  in  these  calculations.  As  stated  by  Garret- Jones  and  Shidrawi  (1969),  an 
error  in  calculating  daily  survival  rates  will  have  drastic  consequences  in  the  final  estimates 
of  vectorial  capacity. 

There  was  general  agreement  in  the  estimates  of  vectorial  capacity  and  the 
numbers  of  malaria  cases  during  the  dry  season  of  1991  (Table  2).  El  Retiro  and  El  Plan 
had  higher  malaria  incidence  and  vectorial  capacity  rates,  while  the  opposite  was  seen  in 
La  Ceiba  and  La  Concordia  (Loyola,  1991,  personal  communication).  Mosquitoes  caught 
at  La  Ceiba  in  1991  were  physiologically  younger  than  specimens  collected  in  1990  (PR 
0.85  versus  0.47).  Consequently,  the  expectancy  of  infective  life  was  only  3.9  days  in 
1991,  compared  to  18.4  days  in  1990.  Chemical  control  measures  applied  to  these 
villages  probably  accounted  for  the  overall  reduction  in  vector  longevity,  and  this  effect 
had  a  direct  impact  on  estimates  of  daily  survival.  Accordingly,  as  stated  by  Bruce- 
Chwatt  (1985),  vector  control  by  larvicides  or  other  measures  will  affect  m,  screening  of 
houses  will  reduce  a,  while  residual  spraying  will  greatly  reduce  the  factor  p. 

Based  on  the  estimates  of  vectorial  capacity,  An.  pseudopunctipennis 
mosquitoes  appear  to  be  highly  efficient  vectors  of  malaria  under  conditions  encountered 
in  foothill  areas  of  southern  Mexico.  A  better  idea  of  An.  pseudopunctipennis  vectorial 
efficiency  is  obtained  by  comparing  the  estimates  of  vectorial  capacity  of  this  species  with 
estimates  for  An.  albimanus  and  An.  vestitipennis  (Table  3).  Anopheles  albimanus  is  the 
more  important  vector  in  the  coastal  plains  of  Mexico  and  Central  America,  whereas.  An. 
vestitipennis  is  a  local  vector  in  areas  such  as  the  Lacandon  forest  in  Chiapas  (Loyola,  et 
al.,  1991),  and  in  localities  in  other  states  in  Mexico,  as  well  as  in  Guatemala  and  the 
Caribbean  (Pan  American  Health  Organization,  1991).  The  comparative  data  were  derived 
from  studies  by  Mekuria,  et  al.  (1991)  conducted  in  the  Dominican  Republic. 
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Table  3.  Vectorial  capacity  estimates  of  malaria  vectors  from  Dominican  Republic  and 
southern  Mexico.  _ 


Expression 

An.  albimanus 

An.  vestitipennis 

An.  pseudopunctipennis 

Highest  VC* 

An.  pseudopunctipennis 

Lowest  VCt 

ma* 

15.7 

13.8 

27 

3 

GC 

2.6 

3.2 

3 

3 

HBI** 

0.08 

0.12 

0.36 

0.05 

a 

0.031 

0.038 

0.12 

0.02 

PR* 

0.373 

0.207 

0.68 

0.50 

Ptt 

0.684 

0.611 

0.8793 

0.7937 

n 

11* 

11 

9 

9 

P" 

0.015 

0.005 

0.3142 

0.0992 

l/-log*p 

2.6  days 

2.0  days 

7.7  days 

4.3  days 

C 

0.019 

0.005 

7.8 

0.03 

VE1  Retire  1990.  Table  1 

tLa  Concordia  1991,  Table  2 

•Extrinsic  incubation  period  for  P.  falciparum. 


As  seen  in  Table  3,  even  the  lowest  estimate  of  vectorial  capacity  of  An. 
pseudopunctipennis  (0.03)  is  slightly  higher  than  the  estimated  vectorial  capacity  for  An. 
albimanus  (0.019)  and  much  higher  than  the  estimated  value  for  An.  vestitipennis  (0.005) 
in  the  Dominican  Republic.  A  comparison  of  individual  components  of  the  vectorial 
capacity  in  Table  3  reveals  two  features  that  result  in  higher  values  for  An. 
pseudopunctipennis;  viz.,  a  higher  HBI  and  greater  longevity  as  determined  by  the  parous 
rate  (PR).  The  Human  Blood  Index  indicates  that  An.  pseudopunctipennis  more  readily 
feeds  on  humans  than  the  other  two  anophelines.  As  discussed  in  Chapter  3,  An. 
pseudopunctipennis  is  known  throughout  its  geographical  range  as  an  anthropophagic 
mosquito.  Additionally,  the  high  parous  rates  for  An.  pseudopunctipennis  result  in  higher 
estimates  of  daily  survival  (p ),  which  increases  the  estimate  of  vectorial  capacity. 

There  are  other  biological  characteristics  of  An.  pseudopunctipennis  that 
contribute  to  its  role  as  an  important  malaria  vector.  These  factors  are  not  included  in  the 
classical  model  of  vectorial  capacity.  One  such  factor  comes  from  our  observation  that 
older  females  seem  to  feed  later  at  night  (see  Chapter  4).  This  behavior  increases  the 
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probability  of  infectious  females  getting  a  complete  blood  meal  and  transmitting  malaria 
while  the  human  host  is  asleep.  Increased  feeding  success  would  increase  ma,  HBI  and 
a.  Additionally,  about  25%  of  the  host-seeking  An.  pseudopunctipennis  are  pre-gravids. 
Pre-gravid  females  require  a  second  blood  meal  in  order  to  complete  egg  development. 

The  pre-gravid  phenomenon  facilitates  the  process  of  malaria  transmission.  As  an 
example,  if  the  probability  of  a  mosquito's  feeding  on  a  human  host  during  one  feeding 
event  is  0.3,  then  the  probability  of  its  taking  two  human  blood  meals,  during  two 
sequential  feeding  events  is  0.09  (0.3  X  0.3).  However,  it  is  important  that  the  mosquito 
take  an  infectious  human  bloodmeal  as  soon  as  possible  in  order  to  acquire  the  malaria 
infection,  survive  long  enough  to  complete  extrinsic  incubation,  bite  another  human  and 
transmit  malaria.  Given  this  concern,  the  probabilities  of  its  taking  at  least  one  meal  from 
a  human  host  during  two  separate  but  sequential  feeding  events  is  0.6  (0.3  +  0.3). 

Clearly,  the  pre-gravid  phenomenon  results  in  an  increased  man-biting  rate,  ma,  and  also 
HBI.  Moreover,  this  gonotrophic  discordance  may  mislead  interpretations  of  numbers  of 
blood  meals  by  standard  age-grading  techniques,  i.e.,  two  dilatations  may  indicate  three 
blood  meals,  not  two. 

Knowledge  of  some  other  characteristics  of  An.  pseudopunctipennis 
populations  may  serve  to  improve  control  strategies  for  An.  pseudopuntipennis- 
transmitted  malaria  in  Mexico.  The  greatest  human-vector  contact  was  found  to  occur  in 
those  villages  (El  Retiro  and  EL  Plan)  that  were  closest  to  the  Coatan  River  (see  Chapter 
4).  In  addition  to  the  importance  of  village  location  in  relationship  to  vector  (weeding 
sites,  the  status  of  the  chemical  control  measures  also  influence  the  degree  of  human- 
vector  contact.  As  the  insecticide  residues  on  housewalls  degraded,  the  levels  of 
anthropophily  and  endophily  increased.  This  effect  seemed  to  occur  about  three  months 
after  houses  were  sprayed  with  DDT  (see  Chapter  3). 

The  indoor  host-seeking  and  resting  behavior  of  An.  pseudopunctipennis 
would  seem  to  favor  the  use  of  house  spraying  with  DDT  or  Bendiocarb  as  a  method  of 
vector  control.  Indeed,  the  numbers  of  specimens  feeding  and  resting  inside  of  houses 
dropped  dramatically  after  houses  were  sprayed  with  DDT  (chapter  3  and  4).  Further 
studies  on  physiological  and  ethological  resistance  of  An.  pseudopunctipennis  to  DDT  and 
other  insecticides  should  be  performed  to  define  efficacy  and  mode  of  action  in  malaria 
control. 

The  results  of  chemical  control  measures  are  strikingly  increased  if  properly 
timed.  For  example,  a  high  degree  of  vector  control  was  achieved  in  1991  when  houses 
were  sprayed  at  the  beginning  of  the  dry  season.  This  is  in  contrast  to  the  negligible  effect 
of  spraying  houses  at  the  end  of  the  dry  season,  as  was  done  in  1990.  Obviously,  house 
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spraying  at  the  end  of  the  dry  season  will  coincide  with  the  disappearance  of  breeding  sites 
and  a  natural  decline  in  vector  density. 

Considering  the  dramatic  effect  of  chemical  control  on  vector  populations  in  the 
study  villages,  properly  timed  and  executed  house-spraying  may  eliminate  malaria  from 
some  localities  in  the  future.  However,  long-term  measures,  such  as  larval  control  by 
water  level  management,  should  also  be  implemented.  In  spite  of  a  relatively  high  initial 
cost,  environmental  management  is  cost-effective  on  account  of  long-term  efficacy,  low 
maintenance  cost  and  safety  (Rafatjah,  1988).  Population  density  of  An. 
pseudopunctipennis  is  greatest  in  the  dry  season  as  breeding  sites  become  available  in 
rivers  and  streams.  In  the  case  of  the  four  study  villages,  most  anophelines  were 
produced  in  breeding  sites  in  the  Coatan  River.  Furthermore,  there  were  relatively  few 
alternative  breeding  sites  around  these  villages  during  the  dry  season  (Chapter  5).  As  with 
pools  in  the  Coatan  River,  the  few  alternative  breeding  sites  were  easy  to  locate  and  treat 
with  larvicides. 

Water  in  the  Coatan  River  is  diverted  above  El  Retiro  and  is  moved  by  canal  to 
a  hydroelectric  plant.  The  water  re-enters  the  Coatan  River  below  La  Ceiba  and  above  the 
village  of  La  Concordia.  The  segment  of  river  between  El  Retiro  and  La  Ceiba,  with 
greatly  reduced  water  flow,  produces  the  greatest  densities  of  An.  pseudopunctipennis 
larvae.  This  relationship  was  described  in  chapter  5.  Based  on  observations  made  during 
this  study,  the  existing  Coatan  River  hydrological  system  seems  amenable  to  water  level 
management  as  a  means  of  vector  control.  Evidence  for  this  was  obtained  in  March  1991 
when  normal  water  flow  was  temporarily  returned  to  the  river  while  the  canal  was  repaired 
and  maintained.  The  temporary  increase  in  water  flow  flushed  the  mats  of  filamentous 
algae  from  the  river  bed  and  anopheline  production  decreased  (Fig.  1,  Chapter  5).  Use  of 
water  level  management  could  be  employed  by  filling  the  reservoir  before  the  end  of  the 
wet  season  (November)  and  by  flushing  the  breeding  sites  beginning  in  December.  Sites 
would  probably  need  to  be  flushed  at  weekly  intervals  during  the  peak  breeding  season 
(January-February).  The  actual  numbers  of  hours  of  increased  water  flow  necessary  to 
flush  and  destroy  breeding  sites  are  unknown.  This  schedule  of  water  management  could 
be  terminated  in  May  of  each  year. 

Given  the  focal  characteristics  of  malaria  transmission,  this  research  has 
provided  new  information  on  the  ecology  of  An.  pseudopunctipennis  and  malaria  ecology 
in  the  foothill  region  near  Tapachula,  Mexico.  Nevertheless,  much  research  is  needed  to 
better  define  the  role  of  this  vector  species  in  transmitting  malaria  in  other  countries  and 
other  states  in  Mexico.  In  addition  to  needing  studies  on  vector  responses  to  insecticides, 
as  mentioned  previously,  more  research  is  needed  to  quantify  vector  susceptibility  to  the 
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malarial  parasites,  particularly  the  two  strains  of  P.  vivax.  Furthermore,  studies 
employing  direct  examinations  of  salivary  glands  for  sporozoites  would  be  useful  for 
validating  the  results  of  ELISAs  for  detecting  P.  vivax  CS-proteins.  Further 
investigations  on  the  role  of  multiple  feedings  by  pre-gravid  populations  should  be 
conducted  to  evaluate  the  contribution  of  this  phenomenon  to  the  transmission  of  malarial 
parasites.  Many  of  the  studies,  as  described,  could  be  greatly  facilitated  by  success  in 
developing  a  self-mating  colony  of  An.  pseudopunctipennis. 

In  conclusion,  this  research  has  provided  a  clear  indication  of  the  overall 
importance  of  entomological  research  in  advancing  our  understanding  of  malaria 
epidemiology.  We  agree  with  Garret- Jones  (1970)  that  epidemiological  entomology 
should  be  part  of  integrated  malaria  research  everywhere  the  disease  is  present.  Garret- 
Jones  and  Shidrawi  (1969)  defined  epidemiological  entomology  as  "the  sampling  and 
study  of  vector  populations  in  order  to  assess,  according  to  the  range  of  vector  prevalence, 
longevity,  biting-rhythm,  host  selection,  etc.,  the  expected  trends  in  the  incidence  of 
transfer  of  a  pathogen  to  a  vertebrate  host  and  back  to  the  vector  itself,  whether  before, 
during  or  after  the  operation  of  control  measures."  This  definition  emphasizes  the 
importance  of  epidemiological  factors  versus  those  of  merely  ecological  importance.  As 
stated  by  Garret-Jones  and  Shidrawi  (1969),  observations  on  parameters  of 
epidemiological  entomology  should  receive  high  priority,  as  these  parameters  are  the 
measurements  required  to  place  the  entomologist  in  a  position  to  advise  the  public  health 
authorities  as  to  the  planning,  assessment,  duration  and  supplementation  or  modification 
of  the  attack  measures  directed  at  the  vectors  of  malaria. 


132 


REFERENCES 

Bruce-Chwatt,  L.  J.  1985.  Essential  Malariology.  John  Wiley  and  Sons,  New  York. 

Garret- Jones,  C.  1970.  Problems  of  epidemiological  entomology  as  applies  to 
malariology.  Misc.  Publ.  Entomol.  Soc.  Am.  7:  168-180. 


Garret- Jones,  C.  and  G.  R.  Shidrawi .  1969.  Malaria  vectorial  capacity  of  a  population  of 
Anopheles  gambiae,  an  excercise  in  epidemiological  entomology.  Bull.  WHO  40: 
531-545. 

Loyola,  E.  G.,  J.  I.  Arredondo,  M.  H.  Rodriguez,  D.  N.  Bown  and  M.  A.  Vaca-Marin. 
1991.  Anopheles  vestitipennis,  the  probable  vector  of  Plasmodium  vivax  in  the 
Lacandon  forest  of  Chiapas,  Mexico.  Trans.  Roy.  Soc.  Trap.  Med.  Hyg.  85:  171- 
174. 

MacDonald,  G.  1973.  Dynamics  of  Tropical  Disease.  Oxford  Univ.  Press,  London. 

Mekuria,  Y.,  R.  Granados,  M.  A.  Tidwell,  D.  C.  Williams,  R.  A.  Wirtz  and  D.  R. 
Roberts.  1991.  Malaria  transmission  potential  by  Anopheles  mosquitoes  of 
Dajabon,  Dominican  Republic.  J.  Am.  Mosq.  Control.  Assoc.  7:  456-461. 

Pan  American  Health  Organization.  1991.  Status  of  malaria  programs  in  the  Americas. 
XXXIX  Report.  Pan  American  Health  Organization,  Washington,  DC. 

Rafatjah,  H.  A.  1988.  Malaria  vector  control:  Environmental  management.  In:  Malaria, 
Principles  and  Practice  of  Malariology  Two.  W.  H.  Wemsdorfer  and  I. 

McGregor,  editors.  Churchill  Livingstone,  New  York. 


ANNEXES  1  TO  9 


133 


134 


ANNEX  1 

ADULT  BIOLOGY  AND  VECTORIAL  ROLE 

1.  Acosta  M.  1960.  Feeding  Preferences  of  Anopheles  pseudopunctipennis  and  A.  triannulatus  in  Peru. 

Rev.  Med.  Exp.  l(2):77-83. 

2.  Barber  MA.  1938.  Further  Observations  on  The  Anopheles  of  New  Mexico.  Am.  J.  Trop.  Med. 

19(4):345-356. 

3.  Breeland  SG.  1972.  Methods  for  Measuring  Anophelines  Densities  in  El  Salvador.  Mosq.  News 

32(l):62-72. 

4.  Breeland  SG.  1972.  Studies  on  the  Diurnal  Resting  Habits  of  Anopheles  albimanus  and  A. 

pseudopunctipennis  in  El  Salvador.  Mosq.  News  32:99-106. 

5.  Campos  FR.  1928.  El  Anopheles  pseudopunctipennis  Theob.  Mosquito  Transmisor  del  Tipo  del 

Paludismo  Pemicioso.  Rev.  Colegio  Nacional  Vicente  RocaFuerte  X(32-35):3-6. 

6.  Corradetti  A.  1948.  Osservazioni  Sulle  Preferenze  Alimentari  dell  'Anopheles  pseudopunctipennis  e 

dell  'Anopheles  punctimacula  nel  Peru.  Riv.  Parassitologia  1X(3):129-135. 

7.  Davis  NC.  1927.  Anopheles  pseudopunctipennis  as  a  malaria  transmitter  in  Northern  Argentina 

Republic.  Am.  J.  Trop.  Med.  7:167. 

8.  Davis  NC;  Shannon  RC.  1928.  The  Blood  Feeding  Habits  of  Anopheles  pseudopunctipennis  in  Northern 

Argentina.  Am.  J.  Trap.  Med.  VIII(5):443-447. 

9.  Del  Ponte  E.  1939.  Observaciones  Sobre  Anopheles  pseudopunctipennis  en  la  Mendieta,  Provincia  de 

Jujuy.  Rev.  Inst.  Bact.  IX(2):  149-155. 

10.  Gamham  PCC.  1948.  The  Incidence  of  Malaria  at  High  Altitudes.  J.  National  Malar.  Soc.7(4):275-284. 

11.  Hacked  LW.  1945.  The  Malaria  of  The  Andean  Region  of  South  America.  Rev.  Inst.  Sal.  Enfer.  Trop. 

VI(4):239-252. 

12.  Hecht  O;  Hernandez -Corzo  J.  1958.  Contribucion  al  Estudio  de  los  Habitos  de  los  Anofelinos  Adultos. 

Act.  Zool.Mex.  11(6):  1-12. 

13.  Hill  RB.  1934.  Feeding  Habitats  of  Some  Venezuelan  Anopheles.  Am.  J.  Trop.  Med.  14:425-429. 

14.  Hoffman  CC.  1936.  Nota  Sobre  el  Anofelismo  en  el  Centro  de  Michoacan.  Bol.  Inst.  Hig.,  Mexico 

2(6): 370-376. 

15.  Hoffmann  CC.  1927.  Zur  Kenntnis  der  Anophelen  Mexikos.  (The  Anopheles  of  Mexico).  Dep.  Sal. 

Pub.,  Mexico  XIX:  184-196. 

16.  Hoffmann  CC.  1929.  Los  Mosquitos  Anopheles  Trasmisores  del  Paludismo  en  el  Valle  de  Mexico. 

Bol.  Dep.  Sal.  (2):3-16. 

17.  Hoffmann  CC.  1932.  On  Anopheles  pseudopunctipennis  and  its  Relation  to  Malaria  in  Mexico. 

Southern  Medical  Journal  XXV(5):523-529. 

18.  Hoffmann  CC.  1937.  Contribucion  al  Conocimiento  de  los  Mosquitos  del  Valle  del  Mezquital.  An. 

Inst.  Biol.,  Mexico  8:207-215. 

19.  Kumm  HW;  Bustamante  ME;  Herrera  JR.  1943.  Report  Concerning  Certain  Anophelines  Found  Near 


135 


The  Mexican-Guatemalan  Frontier.  Am.  J.  Trap.  Med.  23(3):373-376. 

20.  Kumm  HW;  Zuniga  H.  1944.  Seasonal  Variations  in  The  Numbers  of  Anopheles  albimanus  and  A. 

pseudopunctipennis  Caught  in  Stable  Traps  in  Central  America.  Am.  J.  Trap.  Med.  39:8-15. 

21.  Levi-Castillo  R.  1947.  Estudios  Sobre  el  Paludismo  en  los  Valles  Andinos  de  Sudamerica.  Rev.  Med. 

Cordoba,  Argentina  35:543-550. 

22.  Levi-Castillo,  R.  1945.  Anopheles  pseudopunctipennis  in  the  Los  Chillos  Valley  of  Ecuador.  J.  Econ. 

Entomol.  38:  385-388. 

23.  Lopez  RA.  1930.  Contribucion  al  Estudio  del  Habito  de  Vuelo  del  Anopheles  pseudopunctupennis  en 

su  Relacion  con  la  Lucha  Antipaludica  en  el  Norte  Argentino.  5ta  Reunion  Soc.  PaL  Reg.  Norte 
de  Argentina  712-717  pp. 

24.  Lopez  RA.  1930.  Estudios  sobre  los  Habitos  de  Picar  del  Anopheles  pseudopunctipennis  en  el  Norte 

Argentino.  5ta.  Reunion  Soc.  Pat  Reg.  Norte  de  Argentina  724-725  pp. 

25.  Rickard  ER.  1928.  Estudios  Sobre  el  Alcance  de  Vuelo  del  Anopheles  pseudopunctipennis  en  el  Norte 

Argentino.  Bol.  Inst.  Clin.  Quir.,  Argentina  4:133-142 

26.  Rodriguez  MH.  and  Loyola  EG.  1989.  Situacion  Epidemiologica  Actual  y  Perspectivas  de  la 

Investigacion  Entomologica  del  Paludismo  en  Mexico. Memorias  del  IV  Simposio  Nacional  de 
Entomologfa  Mddica  y  Veterinaria.  Oaxtepec,  Mor.,  Mexico.  Sociedad  Mexicana  de  Entomologfa, 
pp  15-40. 

27.  Sasse  BE  and  Hackett  LW.  1950.  Note  on  The  Host  Preferences  of  Anopheles  pseudopunctipennis.  J. 

National  Malar.  Soc.  9(2):  181-182. 

28.  Schlein  Y.  1976.  Age  Grouping  of  Anopheline  Malaria  Vectors  (Diptera:Culicidae)  by  The  Cuticular 

Growth  Lines.  J.  Med.  Entomol.  6:  502-506. 

29.  Vargas  L.  1941.  Anopheles  pseudopunctipennis,  Theobald,  a  Vector  of  Malaria  in  Mexico.  Am.  J. 

Trap.  Med.  6:779-788. 

30.  Vargas  L.  1938.  Observaciones  Sobre  la  Preferencia  Alimenticia  sanguinca  del  A.  pseudopunctipennis 

en  Temixco,  Morelos.  An.  InsL  Biol.  IX(  202-208). 


ANNEX  2 

TAXONOMY  AND  SYSTEMATICS 

1.  Aitken  THG.  1945.  Studies  on  the  Anopheline  Complex  of  Western  America.  7.  Univ.  Cal.  Press, 

Berkeley  and  Los  Angeles. 

2.  Alvarado  CA;  Heredia  RL.1947.  Observaciones  Sobre  una  Nueva  Variedad  del  Anopheles  (A.) 

pseudopunctipennis  Theobald  1901,  Encontrada  en  la  Provincia  de  Tucuman.  An.  Inst.  Med.  Reg. 
Tucuman,  Argentina  2(l):73-78. 

3.  Anduze  PJ.  1940.  Variaciones  en  huevos  de  Anopheles  pseudopunctipennis  Theobald.  Rev.  San.  Asist 

Soc.  8:463-465. 

4.  Baker  RH;  KitzmiUer  JB;  Chowdaiah  BN.  1965.  The  Salivary  Gland  Chromosomes  of  Anopheles 

pseudopunctipennis  pseudopunctipennis.  Bull.  W.  H.  O.  33:837-841. 


5.  Komp  WHW.  1937.  Notes  on  The  Identification  of  Anopheles  pseudopunctipennis  Theobald  (Diptera, 
Culicidae).  Proc.  Ent  Soc.  Wash  39(6):  157- 163. 


136 


6.  Kumm  HW.  1941.  The  Eggs  of  Some  Costa  Rican  Anophelines.  Am.  J.  Trop.  Med.  21(1):91-102. 

7.  Levi-Castillo  R.  1945.  A  New  variety  of  The  Anopheles  pseudopunctipennis  complex  in  Ecuador 

(Diptera-Culicidae).  Mosq.  News  V:17-18. 

8.  Levi-Castillo  R.  1944.  El  Complejo  "Pseudopunctipennis"  en  el  Ecuador.  (Diptera-Culicidae). 

Guayaquil,  Imprenta  de  la  Universidad,  Ecuador. 

9.  Mann  F  G.  1950.  Dos  Nuevas  Sub-especies  del  Anopheles  pseudopunctipennis  Th.  1901.  Biologica 

Vffl-XI:33-42. 

10.  Osomo-Mesa  E  y  Munoz-Sarmiento  F.  1948.  Una  Nueva  Variedad  de  Anopheles  pseudopunctipennis. 

Caldasia,  Colombia  V(21):  105-1 13. 

11.  Root  FM.  1934.  Abnormal  Parabasal  Spines  in  The  male  Hypopygium  of  Anopheles 

pseudopunctipenni.  J.  Parasitol.  5:86. 

12.  Rozeboom  LE.  1937.  The  Egg  of  Anopheles  pseudopunctipennis.  J.  Parasitol.  5:  538-539. 

13.  Smithson  TW.  1972.  Species  Rank  for  Anopheles  franciscanus  Based  on  Failure  of  Hybridization  with 

Anopheles  pseudopunctipennis  pseudopunctipennis.  J.  Med.  Entomol.  6:  501-505. 

14.  Tamayo  MO  y  Garcia,  CA.  1907.  Las  Aguas  de  Huacachina  Informe  Prescntado  a  la  Sociedad 

Geografica  de  Lima.,  Mem.  Municip.  Lima  1-67  pp. 

15.  Theobald  FV.  1901.  A  Monograph  of  The  Culicidae  or  Mosquitoes,  Vol  II,  British  Museum,  London. 

16.  Vargas  L.  1939.  Dalos  Acerca  del  A.  pseudopunctipennis  y  de  un  Anopheles  Nuevo  de  California. 

Medicina,  Mexico,  347:356-362. 

17.  Vargas  L.  1939.  Notas  Sobre  La  Quetotaxia  de  la  Larva  del  Anopheles  pseudopunctipennis  de  Temixco, 

Morelos.  Rev.  Inst.  Sal.  Enf.  Trop.  1:79-99. 

18.  Vargas  L.  1941.  Anopheles  pseudopunctipennis  willardi  n.var.  (Dipt  Culicidae).  Rev.  Soc.  Mex.  Hist 

Nat.  1:7-49. 

19.  Vargas  L.  1941.  New  Variety  of  Anopheles  pseudopunctipennis  (Diptera.Culicidae).  Bull.  Brooklyn 

Entomolo.  Soc.  2:73-74. 


ANNEX  3 

CHEMICAL  CONTROL  AND  BEHAVIORAL  RESPONSE 

1.  Acosta  M.  1958.  Niveles  Basicos  de  Susceptibilidad  del  Anopheles  Pseudopunctipennis  al  DDT  y  al 

Dieldrin  en  la  Region  Occidental  del  Peru.  Rev.  Med.  Exp.  12:99-106. 

2.  Bordas  E;  Downs  WG.  1951.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  with  DDT  Residual 

Sprays  Applied  in  Buildings.  Part  IV.  Activity  Pattern  of  Adult  A.  Pseudopunctipennis  Theo. 

Am.  J.  Hyg.  53(2):2 17-223. 

3.  Downs  WG;  Bordas.  E.  1951.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With  DDT  Residual 

Sprays  Applied  in  Building.  Part  V.  Effectiveness  of  Residual  Applications  of  DDT  and 
Gammexane  up  to  One  Year  After  Application  Under  Controlled  Conditions.  Am.  J.  Hyg. 

54(1):  150-156. 


137 


4.  Downs  WG;  Cellis  H;  Gahan  JB.  1950.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With  DDT 

Residual  Sprays  Applied  in  Buildings.  Part  HI.  Malanological  Observations  After  Five  Years  of 
Annual  Spraying.  Am.  J.  Hyg.  52(3):348-352. 

5.  Downs  WG;  Colorado  R;  Gahan  JB.  1948.  Residual  Effectiveness  of  DDT  in  The  Third  Season  After 

Application.  Am.  J.  Trop.  Med.  28(5):74 1-745. 

6.  Gahan  JB;  Downs  WG;  Celis  H.  1949.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With  DDT 

Sprays  Applied  in  Buildings.  Part  II.  Am.  J.  Hyg.  49(3):285-289. 

7.  Gahan  JB;  Payne  GC.  1945.  Large-Scale  Tests  on  Control  of  Anopheles  pseudopunctipennis  Theob. 

with  DDT  Residual  Sprays  Applied  in  Buildings  in  Morelos  Mexico.  Commitee  of  Medical 
Research  of  the  National  Research  Council,  NRC  Insect  Control  Committee  report  no.  1 10, 
interim  report  No.  0-106.  1-8  pp. 

8.  Gahan  JB;  Payne  GC.  1947.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With  DDT  Residual 

Sprays  applied  in  Buildings.  Part  I.  Am.  J.  Hyg.45(2):  123-132. 

9.  Loyola  EG,  Rodriguez  MH,  Gonzalez  L,  Arredondo  JI,  Bown  DN  and  Vaca-Marin  MA.  1990.  Effect  of 

Indoor  residual  spraying  of  DDT  and  Bendiocarb  on  the  feeding  patterns  of  Anopheles 
pseudopunctipennis  in  MexicoJ.  Am.  Mosq.  Control  Assoc.  6:  635-640. 

10.  Loyola,  EG,  Vaca,  MA,  Bown  DN,  Perez  E.  and  Rodriguez  MH.  1991.  Comparative  use  of  Bendiocarb 

and  DDT  to  control  Anopheles  pseudopunctipennis  in  a  malarious  area  of  Mexico.  Med.  and  Vet. 
Entomol.5:233-242. 

11.  Martinez  Palacios  A.  1958.  Resistencia  Fisiologica  al  Dieldrin  en  Mexico  de  A. (A.)  P. 

pseudopunctipennis  Theobald  1901.CNEP  Bol.,  Mexico  2:18-31. 

12.  Martinez-Palacios  A  and  De  Zulueta  J.  1964.  Elhological  Changes  In  Anopheles  pseudopunctipennis  In 

Mexico  After  Prolonged  Use  of  DDT.  Nature  1964;203(4948):940-941. 

13.  Martinez-Palacios  A.  1965.  Insecticide  resistance  in  Anopheles  pseudopunctipennis  and  its  Operational 

Significance.  In:Insecticide  Resistance  in  Major  Vectors  of  Malaria  and  its  Operational  Importance 
in  Malaria  Eradication  Programmes  WHO/MAL/482.65.  Geneva. 

14.  Martinez-Palacios  A;  Davison  G.  1967.  The  Mode  of  Inheritance  of  Dieldrin  resistance  in  Anopheles 

(A.)  pseudopunctipennis  and  The  crossing  of  Populations  of  This  Species  From  Various  Parts  of 
Mexico.  Mosq.  News  27(l):55-56. 


ANNEX  4 

GEOGRAPHICAL  DISTRIBUTION 

1.  Aitken  THG.  1945.  Studies  on  the  Anopheline  Complex  of  Western  America.  7.  Univ.  Cal.  Press, 

Berkeley  and  Los  Angeles. 

2.  Bejarano,  JFR.  1967.  Anophelini  y  Culicini  de  America  cuya  distribucion  alcanza  alturas  elevadas.  Seg. 

Jom.  Entomoepidemiol.  Argentinas  1:  147-154. 


138 


3.  Belkin  JN;  Schick  RX;  Heinemann  SJ.  1968.  XI.  Mosquitoes  Originally  Described  from  Argentina, 

Bolivia,  Chile,  Paraguay,  Peru,  and  Uruguay.  Contrib.  Amer.  Ent.  Inst.  4(l):9-29. 

4.  Belkin,  JN,  Schick,  RX  and  Heinemann,  SJ.  1965.  V.  Mosquitoes  Originally  Described  From  Middle 

America.  Contr.  Amer.  Ent.  Inst.  1(5):  1-41 

5.  Calderon  GC,.  1974.  Distribucion  Geografica  de  los  Vec tores  de  Malaria  en  El  Peru.  Rev.  Per.  Med. 

Trap.  2(2):88-91. 

6.  De  Leon  JR.  1936.  El  Paludismo  de  Altura  en  Guatemala.  Bol.  San.  Guatemala  VII(44):67-80. 

7.  Del  Ponte  E.  1940.  Error  de  Inform ac ion  Sobre  la  Existencia  de  Anopheles  pseudopunctipennis  Theob., 

en  los  Terri torios  de  Misiones  y  Chaco  (Argen.).  Rev.  Inst.  BacL  Dep.  Nacional  Hig.  9(41):443- 
444. 

8.  Del  Ponte  E.  1941.  Revision  de  las  Especies  Argentinas  del  Genera  Anopheles.  Contribucion  al 

Conocimiento  de  la  Epidemiologia  del  Paludismo.  Mimeografia,  Univ.  Buenos  Aires,  Argentina. 

9.  Heinemann  SJ;  Belkin  JN.  1977.  Colletion  Records  of  TheProjecl  "Mosquitoes  of  Midddle  America"  9. 

Mexico  (MEX,  MF,  MT,  MX).  Mosq.  SysL  9(4):  483-535. 

10.  Heinemann  SJ;  Belkin  JN.  1979.  Colletion  Records  of  The  Project  "Mosquitoes  of  Middle  America"  13. 

South  America:  Brazil  (BRA,  BRAP,  BRB),  Ecuador  (ECU),  Peru  (PER),  Chile  (CH).  Mosq. 

Syst.  1 1(2):61-1 18. 

11.  Heinemann  SJ;  Belkin  JN.  Colletion  Records  of  The  Project  "Mosquitoes  of  Middle  America"  8. 

Central  America:  Belize  (BH),  Guatemala  (GUA),  El  Salvador  (SAL),  Honduras  (HON),  Nicaragua 
(NI.N1C).  Mosq.  Syst.  9(4):403-454. 

12.  Molez  JF,  Desenfant  P,  Pajot  FX,  Jaques  JR,  DY  Saint-Jean  Y.  1987.  Le  Paludisme  en  Haiti.  2. 

Presence  d' Anopheles  (A.)  pseudopunctipennis  Theobald,  1901  Premiere  mise  en  evidence  sur  file 
d’Hispaniola.  Cas.  ORSTOM,  Ser  Ent.  Med.  et  Parasitol.  XXV  2:  75-81. 

13.  Root  FM  and  Andrews  J.  1938.  Malaria  and  Anopheline  Survey  of  Grenada,  B.W.I.  Am.  J.  Hyg. 

27:549-579. 

14.  Vargas  L  y  Martinez-Palacios  A.  1953.  Algunas  Observaciones  Sobre  Distribucion  Geografica  y 

Variaciones  Estacionalcs  de  los  Anopheles  del  Noreste  de  Mexico.  Rev.  Inst.  Sal.  Enf.  Trop., 
Mexico  4:  321-330. 

15.  Vargas  L  y  Martinez-Palacios,  A.  1949.  Los  Anophelinos  del  Sur  de  Chiapas,  Algunos  Datos  Sobre 

Biologia  y  Distribucion  Geografica.  Rev.  Inst.  Sal.  Enf.  Trop.  3:253-260. 

16.  Vargas  L  y  Martinez-Palacios,  A.  1955.  Distribucion  de  los  Anofelinos  en  Mexico.  Rev.  Inst.  Sal. 

Enfe.  Trop.,  Mexico  2:81-123. 


ANNEX  5 

MALARIAL  SUSCEPTIBILITY 

1.  Boyd  MF.  1939.  On  the  Susceptibility  of  a  Neotropical  Anopheles  pseudopunctipennis,  Theobald, 
1901,  to  Neartic  and  Neotropical  Strains  of  Plasmodium  falciparum.  Am.  J.  Trop.  Med. 
19(4):405-408. 


2.  Darling  ST.  1910.  Factors  in  The  Transmission  and  Prevention  of  Malaria  in  The  Panama  Canal  Zone. 
Ann.  Trop.  Med.  and  Parasite  1910;IV:  179-223. 


139 


3.  Earle  WC.  1936.  The  Relative  Importance  of  Anopheles  Tarsimaculatus,  Anopheles  argyritarsis,  and 

Anopheles  pseudopunctipennis  as  Vectors  of  Malaria  in  The  Windward  Group  of  The  West  Indies. 
Am.  J.  Trop.  Med.  16(4):459469. 

4.  Hardman  NF.  1947.  Studies  on  Imported  Malarias:  3.  Laboratory  Rearing  of  Western  Anophelines.  J. 

National  Malar.  Soc.  6:165-172. 

5.  Warren  M  and  Collins,  WE.  1980.  Anopheles  pseudopunctipennis:  Laboratory  Maintenance  and  Malaria 

Susceptibility  of  a  Strain  From  El  Salvador.  Am.  J.  Trop.  Med.  Hyg.  4:503-506. 

6.  Young  MD,  Stubbs  TH,  Ellis  JM,  Burgess,  RW  and  Eyles,  DE.  1946.  Studies  on  Imported  Malarias.  4 

The  Infectivity  of  Malarias  of  Foreign  Origin  To  Anophelines  of  The  Southern  United  States.  Am. 
J.  Hyg.  43:325-341. 


ANNEX  6 

LARVAL  BIOLOGY 

1.  Hoffmann  CC;  Samano  AB.  1938.  Los  Criaderos  Invemalcs  Ac  Anopheles  pseudopunctipennis  en  el 

Estado  de  Oaxaca.  An.  Inst  Biol.,  Mexico.  9:182-192. 

2.  Savage  HM,  Rejmankova  E,  Arredondo-Jimenez  JI,  Roberts  DR  and  Rodriguez  MH.  Limnological  and 

botanical  characterization  of  larval  habitats  for  two  primary  malarial  vectors,  Anopheles 
albimanus  and  Anopheles  pseudopunctipennis,  in  coastal  areas  of  Chiapas  state,  Mexico.  J.  Am. 
Mosq.  Control  Assoc.  4:  612-620. 

3.  Shannon  RC,  Davis,  NC  and  Del  Ponte,  E.1927.  La  Distribucion  del  Anopheles  pseudopunctipennis  y 

su  Relacion  con  el  Paludismo  en  la  Argentina.  Rev.  Inst.  Bacteriol.  4(7):  679-705. 

4.  Shannon  RC.  1930.  Observations  on  Anopheles  pseudopunctipennis  in  Peru.  Am.  J.  Hyg.  12:442-448. 

5.  Shannon  RC.  and  Davis,  NC.  1927.  Condiciones  de  Reproducion  de  Anopheles  pseudopunctipennis  en  la 

Provincia  de  Tucuman  Durante  la  Estacion  Seca.  Rev.  Inst.  Bacteriol.  IV(7):  662-678. 

6.  Zozaya  C.1943.  Paludismo  y  Arrozales.  Rev.  Fac.  Med.,Colombia  1 1:448-476. 


ANNEX  7 

EGG  BIOLOGY 

1.  Downs  WG.  1951.  Growth  Changes  of  Anopheline  Eggs  in  Water  and  in  Saline  Solutions.  J.  Nat. 

Malariol.  Soc.  10(1):  17-22. 

2.  Herms  HB.  and  F.  M.  Frost.  1932.  A  comparative  study  of  the  eggs  of  califomian  anophelines.  J. 

Parasitol  18:240-244. 

3.  Herms  WB.  and  SB.  Freeborn.  1920.  The  egg  laying  habits  of  califomian  anophelines.  J.  Parasitol. 

7:69-79. 

4.  Hinton  HE.  1968.  Observations  on  the  biology  and  taxonomy  of  the  eggs  of  Anopheles  mosquitos. 

Bull.  Entomol.  Res.  57:  495-508. 


140 


ANNEX  8 

INSECTARY  COLONIZATION 

1.  Baerg  DC.  1971.  Colonization  of  Anopheles  pseudopunctipennis  in  Panama.  J.  Med.  Entomol. 

8(2):  180-182. 

2.  Darsie  RF;  Lopez  GA.  1980.  Studies  of  Colonization  of  El  Salvador  Strains  of  Anopheles 

pseudopunctipennis  pseudopunctipennis.  Mosq.  News  40(2):  194- 199. 

3.  Hardman  NF.  1947.  Studies  on  Imported  Malarias:  3.  Laboratory  Rearing  of  Western  Anophelines.  J. 

National  Malar.  Soc.  6:165-172. 

4.  Rodriguez-Perez  MA.,  Gonzalez-Hemandez  A  and  Reyes- Villanueva  F.  1991.  Observations  of  the  flight 

and  mating  behavior  of  Anopheles  pseudopunctipennis  under  insectary  conditions.  J.  Am.  Mosq. 
Control  Assoc.  7:  316-318. 


141 


ANNEX  9 

Bibliography  related  to  Anopheles  pseudopunctipennis 
from  1901  to  1991. 


1.  Acosta  M.  1958.  Niveles  Basicos  de  Susceptibilidad  del  Anopheles  Pseudopunctipennis  al  DDT  y  al 

Dieldrin  en  la  Region  Occidental  del  Peru.  Rev.  Med.  Exp.  12:99-106. 

2.  Acosta  M.  1960.  Feeding  Preferences  of  Anopheles  pseudopunctipennis  and  A.  triannulatus  in  Peru. 

Rev.  Med.  Exp.  l(2):77-83. 

3.  Aguilar  Sierra  M.  1963.  La  Erradicacion  del  Paludismo  en  la  Cuenca  del  Papaloapan.  Su  Repercusion  en 

la  Economia  Nacional.  Sal.  Publ.  Mex.  V(6):88 1-886. 

4.  Aitken  THG.  1945.  Studies  on  the  Anopheline  Complex  of  Western  America.  7.  Univ.  Cal.  Press, 

Berkeley  and  Los  Angeles. 

5.  Alfaro  A.  1922.  Zancudos  de  Costa  Rica.  Bol.  Cam.  Agr.  Costa  Rica  11:  259-264. 

6.  Alvarado  CA.  1948.  Control  de  las  Enfermedades  Transmitidas  por  Mosquitos.  Bol.  Ofic.  San.  Pan. 

27(12):  1 105-1 112. 

7.  Alvarado  CA;  Coll  HA.  1948.  Programa  para  la  Erradicacion  del  Paludismo  en  la  Republica  Argentina. 

Bol.  Ofic.  San.  Pan.  27(7):  1105-1 1 12. 

8.  Alvarado  CA;  Heredia  RL.1947.  Observaciones  Sobre  una  Nueva  Vanedad  del  Anopheles  (A.) 

pseudopunctipennis  Theobald  1901,  Encontrada  en  la  Provincia  de  Tucuman.  An.  Inst.  Med.  Reg. 
Tucuman,  Argentina  2(1): 73-78. 

9.  Anduze  PJ.  1941.  Lista  Provisional  de  los  Zancudos  Hematofagos  de  Venezuela.  Bol.  Entomol.  Venez. 

I(l):l-19. 

10.  Anduze  PJ.  1941.  Primer  Informe  Sobre  Entomologia  Medica  del  estado  de  Bolivar  (Venezuela).  Rev. 

San.  Asist.  Soc.  6:812-836. 

1 1.  Anduze  PJ.  1943.  Estudios  de  Entomologia  Medica  en  el  Estado  Merida- Venezuela.  Bol.  Entomol. 

Venez.  2:189-196. 

12.  Anduze,  P.  J.  1940.  Variaciones  en  huevos  de  Anopheles  pseudopunctipennis  Theobald.  Rev.  San. 

Asist.  Soc.  8:463-465. 

13.  Antunes  PC  A.  1937.  Informe  Sobre  una  Investigacion  Entomologica  Realizada  en  Colombia.  Rev. 

Fac.  Med.  VI(2):65-87. 

14.  Arnett  RHJ.  1950.  Notes  on  The  Distribution,  Habitats  of  Some  Panama  Culicines  (Diptera-Culicidae). 

J.  New  York  Entomol.  Soc.  LVIII:99-1 15. 

15.  Baerg  DC.  1971.  Colonization  of  Anopheles  pseudopunctipennis  in  Panama.  J.  Med.  Entomol. 

8(2):  180- 182. 

16.  Baker  RH;  Kitzmiller  JB;  Chowdaiah  BN.  1965.  The  Salivary  Gland  Chromosomes  of  Anopheles 

pseudopunctipennis  pseudopunctipennis.  Bull.  W.  H.  O.  33:837-841. 

17.  Baker  RH,  J.  B.  Kitzmiller,  B.  N.  1966.  Chowdaiah.  The  Salivary  Gland  Chromosomes  of  Anopheles 

hectoris.  Chromosoma  19:126-136 


18.  Barber  MA.  1938.  Further  Observations  on  The  Anopheles  of  New  Mexico.  Am.  J.  Trap.  Med. 
19(4):345-356. 


142 


19.  Barreto  P.  1971.  Distribucion  de  Mosquitos  Anopheles  (Diptera,  Culicidae)  en  el  Departamento  del 

Valle  del  Cauca,  Colombia.  Act  Med.  Valie  2:45-48. 

20.  Bates  M.  1949.  The  Natural  History  of  Mosquitoes.  MacMillan,  New  York. 

21.  Baxter  L  and  J.  Zetek.  1944.  The  Anopheles  of  Panama  With  Special  Reference  to  Hand  Lens 

Identification  and  Notes  on  Collecting  and  Care  of  Specimens.  Am.  J.  Trop.  Med.  24(2):  105-123. 

22.  Bejarano  JFR.  1956.  Distribucion  en  altura  del  genero  Anopheles  y  del  paludismo  en  la  Republica 

Argentina.  Rev.  San.  Mil.  Argentina  55:7-24 

23.  Bejarano  JFR.  1967.  Anophelini  y  Culicini  de  America  cuya  distribucion  alcanza  alturas  elevadas.  Seg. 

Jom.  Entomoepidcmiol.  Argentinas  1:  147-154. 

24.  Belkin  JN;  Heinemann  SJ.  1976.  Colletion  Records  of  The  Project  "Mosquitoes  of  Middle  America"  6. 

Southern  Lesser  Antilles:  Barbados  (BAR),  Dominica  (DOM),  Grenada  (GR.GRR),  St.  Lucia 
(LU),  Sl  Vincent  (VT).  Mosq.  Syst  8(3):237-297. 

25.  Belkin  JN;  Heinemann  SJ.  Colletion  1975.  Records  of  The  Project  "Mosquitoes  of  Midlle  America"  3. 

Bahamas  Is.  (BAH),  Cayman  Is.  (CAY),  Cuba  (CUB),  Haiti  (HAC,  HAR,  HAT)  and  Lesser 
Antilles  (LAR).  Mosq.  Syst  7(4):388-393. 

26.  Belkin  JN;  Schick  RX;  Heinemann  SJ.  1968.  XI.  Mosquitoes  Originally  Described  from  Argentina, 

Bolivia,  Chile,  Paraguay,  Peru,  and  Uruguay.  Contrib.  Amer.  Ent.  Inst  4(l):9-29. 

27.  Belkin,  JN,  Schick,  RX  and  Heinemann,  SJ.  1965.  V.  Mosquitoes  Originally  Described  From  Middle 

America.  Contr.  Amer.  Ent.  Inst.  1(5):  1-41 

28.  Blanton  FS;  Keenan  CM;  Peyton  EL.  1955.  Mosquitoes  Collected  in  Horse-Baited  traps  in  Panama 

During  1951  to  1953  Inclusive  as  an  Index  to  Malaria  Control.  Mosq.  News  15(l):39-42. 

29.  Blanton  FS;  Peyton  EL.  1956.  Notes  and  Distribution  Records  of  Anopheles  and  Chagasia  Mosquitoes 

in  Panama  Based  on  a  Three  Year  Light  Trap  Survey.  Mosq.  News  16(l):22-42. 

30.  Bordas  E;  Downs  WG.  1951.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  with  DDT  Residual 

Sprays  Applied  in  Buildings.  Part  IV.  Activity  Pattern  of  Adult  A.  Pseudopunctipennis  Theo. 
Am.  J.  Hyg.  53(2):2 17-223. 

31.  Bordas  E;  Navarro  L;  Downs  WG.  1951.  Estudio  Comparative  de  los  Habitos  del  Adulto  de  Tres 

Especies  de  Anopheles  Mexicanos.  Rev.  Inst  Sal.  Enf.  Trop.  XII(l-4):35-38. 

32.  Boyd  MF.  1939.  On  the  Susceptibility  of  a  Neotropical  Anopheles  pseudopunctipennis,  Theobald, 

1901,  to  Neartic  and  Neotropical  Strains  of  Plasmodium  falciparum.  Am.  J.  Trop.  Med. 
19(4):405-408. 

33.  Boyd  MF.  1949.  Epidemiology:  Factors  Related  to  The  definitive  Host  In:  Malariology,  Boyd  M, 

editor.  Philadelphia  and  London:  W.  B.  Saunders  Company. 

34.  Bradley  GH;  King  WV.  1941.  Bionomics  and  Ecology  of  Neartic  Anopheles.  Am  Assoc.  .Adv.  Sci. 

15:79-87. 

35.  Breeland  SG.  1972.  Methods  for  Measuring  Anophelines  Densities  in  El  Salvador.  Mosq.  News 

32(l):62-72. 

36.  Breeland  SG.  1972.  Studies  on  the  Diurnal  Resting  Habits  of  Anopheles  albimanus  and  A. 

pseudopunctipennis  in  El  Salvador.  Mosq.  News  32:99-106. 


143 


37.  B reeland,  SG,  Geoffrey,  M,  Lofgren,  CS  and  Weidhaas,  DE.  1974.  Release  of  Chemostenlized  Males 

for  The  Control  of  Anopheles  albimanus  in  El  Salvador.  Am.  J.  Trop.  Med.  Hyg.  23:  274-281. 

38.  Brethes  J.  1912.  Los  Mosquitos  de  la  Republica  Argentina.  Bol.  Inst.  Entomol.  Patol.  Veg.  1:1-47. 

39.  Brown  AW  A;  Haworth  J;  Zahar  AR.  1976.  Malaria  Erradication  and  Control  from  a  Global  Standpoint. 

J.  Med.  Entomol.  13(l):l-25. 

40.  Bruce-Chwalt,  LJ..  1985.  Essential  Malariology.  John  Whiley  and  Sons,  New  York. 

41.  Cadena  MA.  1938.  Diseccion  de  Mosquitos  Anopheles.  Rev.  Fac.  Med.  Colombia  7(6):  328-332. 

42.  Calderon  GC,.  1974.  Distribuckm  Geografica  de  los  Vectores  de  Malaria  en  El  Peru.  Rev.  Per.  Med. 

Trop.  2(2):88-91. 

43.  Camey-Pacheco  HL.  1968.  Encuesta  para  Determinar  la  Presencia  de  Coelomomyces  (Blastocladiales)  y 

Thelohania  (Sporozoa:  Microsporidia),  parasitos  de  Larvas  de  Anopheles  en  Guatemala,  como 
Contribucion  a  su  Posible  Control  Biologico  [Dissertation],  Guatemala:  Univ.  San  Carlos. 

44.  Campos  FR.  1928.  El  Anopheles  pseudopunctipennis  Theob.  Mosquito  Transmisor  del  Tipo  del 

Paludismo  Pemicioso.  Rev.  Colegio  Nacional  Vicente  RocaFuerte  X(32-35):3-6. 

45.  Campos  FR.  1930.  Estudios  Biologicos  Sobre  los  Mosquitos  de  Guayaquil  y  Alrededores.  Rev.  Col. 

Nac.  V.  Rocafuerte  XII(40-41):l-48. 

46.  Carcavallo  RU;  Martinez  A.  1968.  Entomoepidemiologia  de  la  Republica  Argentina.  Invest  CienL 

Fuer.  Arm.  Argentinas  13ff  and  II):  1-352. 

47.  Carmichael  GT.  1972.  Anopheline  Control  Through  Water  Management  Am.  J.  Trop.  Med.  Hyg. 

21(5):782-786. 

48.  Carpenter  SJ,  LaCasse  WJ.  1955.  Mosquitoes  of  North  America.  Berkeley  and  Los  Angeles:  Univ. 

Cali.  Press. 

49.  Carpenter  SJ.  1970.  Review  of  Recent  Literature  on  Mosquitoes  of  North  America.  Suplement  I.  Calif. 

Vector  Views  17(6):40-66. 

50.  Cervantes-Gonzalcz  DG.  1978.  Programa  de  Erradicacion  del  Paludismo  en  Mexico  y  Nuevos  Enfoques 

de  su  Estrategia.  Sal.  Pub.  Mex.  XX(5):61 3-642. 

51.  Comision  Nacional  para  la  Erradicacion  del  Paludismo.  1960.  Diagnostico  y  Tratamiento  del 

Paludismo,  su  Erradicacion  en  Mexico.  CNEP  Bol.  14(4):213-221. 

52.  Corradetti  A.  1948.  Osservazioni  Sulle  Preferenze  Alimentari  dell' Anopheles  pseudopunctipennis  e 

<k\\' Anopheles  punctimacula  nel  Peru.  Riv.  Parassitologia  IX(3):129-135. 

53.  Cova-Garcia  P.  1961.  Notas  Sobre  los  Anofelinos  de  Venezuela  y  su  Identificacion.  Caracas,  Venezuela: 

Editora  Grafos,  C.  A. 

54.  Covell  G.  A  1927.  Critical  Review  of  The  Data  Recorded  Regarding  The  Transmission  of  Malaria  by 

The  Different  Species  of  Anopheles;  With  Notes  on  Distribution,  Habits  and  Breeding-places. 
Indian  J.  of  Med.  Research  7:1-67. 

55.  Cowper  LT.  Malaria  Control  in  Ecuador.  Proceedings  of  72nd  Annual  Meeting  of  the  New  Jersey 

Mosquito  Control  Association  Inc.  25-32. 

56.  Da  Silva  TL.  1966.  Epidemiology  of  Malaria  Erradication.  Am.  J.  Publ.  Health  56(l):72-93. 


144 


57.  Darling  ST.  1909.  Transmission  of  Malarial  Fever  in  The  Canal  Zone  by  Anopheles  Mosquitoes.  J. 

Amer.  Med.  Assoc.  LHI:205 1-2053. 

58.  Darling  ST.  1910.  Factors  in  The  Transmission  and  Prevention  of  Malaria  in  The  Panama  Canal  Zone. 

Ann.  Trop.  Med.  and  Parasite  1910;IV:  179-223. 

59.  Darling  ST.  1910.  Studies  in  Relation  to  Malaria.  Isthmian  Canal  Commission,  Laboratory  of  the 

Board  of  Health,  Department  of  Sanitation.  3-42. 

60.  Darsie  RF;  Lopez  GA.  1980.  Studies  of  Colonization  erf  El  Salvador  Strains  of  Anopheles 

pseudopunctipennis  pseudopunctipennis.  Mosq.  News  40(2):  194- 199. 

61.  Darsie  RF  and  Ward,  R  A.  1981.  Identification  and  Geographical  Distribution  of  The  Mosquitoes  of 

North  America,  North  of  Mexico.  Mosq.  Syst.  Suppl  1. 

62.  Davila  R.  1945.  Contribucion  al  Estudio  del  Paludismo  en  Cundinamarca  [Dissertation].  Bogota, 

Colombia:  Universidad  Nacional,  Facultad  de  Medicina,  1945. 

63.  Davis  NC.  1927.  Anopheles  pseudopunctipennis  as  a  malaria  transmitter  in  Northern  Argentina 

Republic.  Am.  J.  Trop.  Med.  7:167. 

64.  Davis  NC,  Rickard  ER.  1928.  Plan  de  Lucha  Contra  la  Malaria  Urbana  en  cl  Norte  Argentino.  Cuarta 

Reunion  Soc.  Pat.  Reg.Norte,  119-130  pp. 

65.  Davis  NC.  1928.  Notes  on  the  Development  of  Ovarian  Follicles  in  Argentina  Anopheles.  Am.  J. 

Hyg.  VM(3):467-475. 

66.  Davis  NC;  Shannon  RC.  1928.  The  Blood  Feeding  Habits  of  Anopheles  pseudopunctipennis  in 

Northern  Argentina.  Am.  J.  Trop.  Med.  VIII(5):443-447. 

67.  Davis  NC;  Shannon  RC.  1928.  The  Habits  of  Anopheles  rondoni  in  The  Argentine  Republic.  Am.  J. 

Hyg.  8(3):448-456. 

68.  De  Leon  JR.  1936.  El  Paludismo  de  Altura  en  Guatemala.  Bol.  San.  Guatemala  VlI(44):67-80. 

69.  De  Zulueta  J;  Garret-Jones.  1965.  An  Investigation  of  the  Persistence  of  Malaria  Transmission  in 

Mexico.  Am.  J.  Trop.  Med.  Hyg.  14:63-77. 

70.  Del  Ponte  E.  1939.  Observaciones  Sobre  Anopheles  pseudopunctipennis  en  la  Mendieta,  Provincia  de 

Jujuy.  Rev.  Inst.  Bact.  IX(2):  149-155. 

71.  Del  Ponte  E.  1940.  Error  de  Informacion  Sobre  la  Existencia  de  Anopheles  pseudopunctipennis  Theob., 

en  los  Territories  de  Misiones  y  Chaco  (Argen.).  Rev.  Inst.  Bact  Dep.  Nacional  Hig.  9(41):443- 
444. 

72.  Del  Ponte  E.  1940.  Tres  Especies  Nuevas  de  Anopheles  (Dip.  Cul.)  Nuevas  Para  la  Gobemacion  de 

Misiones.  Rev.  Inst.  Bact.  Dep.  Nacional  Hig  IX(4):445-447. 

73.  Del  Ponte  E.  1941.  Revision  de  las  Especies  Argentinas  del  Genero  Anopheles.  Contribucion  al 

Conocimiento  de  la  Epidemiologia  del  Paludismo.  Mimeografi'a,  Univ.  Buenos  Aires,  Argentina. 

74.  Diaz-Najera  A.  1966.  Mosquitos  Tropicales  de  Mexico.  Rev.  Invest  Sal.  Publ.  Mex.  26(l):57-64. 

75.  Diaz-Najera  A.  1971.  Prcsencia  de  Lutzomyia  (Lutzomyia)  Diabolica  (Hall,  1936).  En  Muzquiz, 

Coahuila,  Mexico.  (Diptera  Psychodidae).  Rev.  Invest.  Sal.  Pub.,  Mexico  31(2):62-66. 

76.  Downs  WG.  1951.  Actividades  de  la  Oficina  de  Especializacion  Sanitaria.  Medicina  Rev.  Mex. 

XXXI(629):21 3-215. 


145 


77.  Downs  WG.  1951.  Growth  Changes  of  Anopheline  Eggs  in  Water  and  in  Saline  Solutions.  J.  Nat 

Malariol.  Soc.  10(l):17-22. 

78.  Downs  WG.  1981.  A  New  Lot*  at  Yellow  Fever  and  Malaria.  Am.  J.  Trap.  Med.  Hyg.  30(3):5 16-522. 

79.  Downs  WG;  Bordas  E.  1949.  A  Malaria  Survey  of  The  Southern  Territory  of  Lower  California.  Am.  J. 

Trop.  Med.  29(5):695-699. 

80.  Downs  WG;  Bordas  E.  1951.  Anopheles  azlecus.  Malaria,  and  Malaria  Control  in  The  Valley  of 

Mexico.  J.  NaL  Malariol.  Soc.  10(4):350-358. 

81.  Downs  WG;  Bordas  E;  Navarro  L.  1951.  Duration  of  Action  of  Residual  DDT  Deposits  on  Adobe 

Surfaces.  Science  1 14(2958):259-262. 

82.  Downs  WG;  Bordas  E;  Navarro  L.  Duration  de  la  Efectividad  de  Deposilos  Residuales  de  DDT  en 

Superficies  de  Adobe.  Medicina  Rev.  Mex.  XXXI(629):2 15-220. 

83.  Downs  WG;  Bordas.  E.  1951.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With  DDT 

Residual  Sprays  Applied  in  Building.  Part  V.  Effectiveness  of  Residual  Applications  of  DDT  and 
Gammexane  up  to  One  Year  After  Application  Under  Controlled  Conditions.  Am.  J.  Hyg. 

54(1):  150- 156. 

84.  Downs  WG;  Cellis  H;  Gahan  JB.  1950.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With 

DDT  Residual  Sprays  Applied  in  Buildings.  Part  III.  Malariological  Observations  After  Five  Years 
of  Annual  Spraying.  Am.  J.  Hyg.  52(3):348-352. 

85.  Downs  WG;  Colorado  R;  Gahan  JB.  1948.  Residual  Effectiveness  of  DDT  in  The  Third  Season  After 

Application.  Am.  J.  Trop.  Med.  28(5):74 1-745. 

86.  Dunn  LH.  1929.  Notes  on  Some  Insects  and  Other  Arthropods  Affecting  Man  and  Animals  in 

Colombia.  Am.  J.  Trop.  Med.  IX(6):493-503. 

87.  Duret  JP.  1950.  Contribution  at  Conocimiento  de  la  Distribution  Geografica  de  los  Culicidos 

Argentinos.  (Diptera-Culicidae).  Rev.  San.  Mil.  Argentina  (46):363-380. 

88.  Duret  JP.  1950.  Lista  de  los  Mosquitos  de  la  Republica  Argentina.  Rev.  Soc.  Entomolog.  Argentina 

XIV:297-318. 

89.  Duret  JP.  1954.  Datos  Sobre  Culicidos  de  la  Region  Cuyana  (Diptera-Culicidae).  Rev.  San.  Mil. 

Argentina  LIII(3):412413. 

90.  Duret  JP.  1961.  Estudios  Sobre  el  Comportamiento  de  los  Anopheles  del  Rio  Chagres,  Panama.  Bol. 

Ofic.  San.  Pan  LI(4):285-302. 

91.  Dyar  HG.  1916.  Mosquitoes  at  San  Diego,  California.  Insecutor  Inscitiae  Menstruus  IV(4-6):46-51. 

92.  Dyar  HG.  1918.  Notes  on  American  Anopheles  (Diptera:  Culicidae).  Insecutor  Inscitiae  Menstuus.  6.(7- 

9.):  141-151. 

93.  Dyar  HG.  1928.  The  Mosquitoes  of  The  Americas.  Part  II.  Carnegie  Inst.  Washington. 

94.  Dyar  HG;  Knab  F.  1906.  The  Larvae  of  Culicidae  Classified  as  Independient  Organisms.  J.  New  York 

Entomol.  Soc.  XIV(4):169-177. 

95.  Earle  WC.  1936.  The  Relative  Importance  erf  Anopheles  Tarsimaculatus,  Anopheles  argyritarsis ,  and 

Anopheles  pseudopunctipennis  as  Vectors  of  Malaria  in  The  Windward  Group  of  The  West  Indies. 
Am.  J.  Trop.  Med.  16(4):459-469. 


146 


96.  Elliot  R.  1969.  Ecology  and  Behaviour  of  Malaria  Vectors  in  The  American  Region.  Cah. 

O.R.S.T.O.M.,  Ser.  Ent.  Med.  et  Parasitol  VII(l):  29-33. 

97.  Elliot  R.  1972.  The  Influence  of  Vector  Behavior  on  Malaria  Transmission.  Am.  J.  Trop.  Med.  Hyg. 

21(5):755-763. 

98.  Evans  AM.  1921.  Notes  on  Culicidae  Collected  in  Venezuela.  Ann.  Trop.  Med.  and  Parasitol  15:  445- 

447. 

99.  Evans  AM.  1922.  Notes  on  Culicidae  in  Venezuela,  with  Descriptions  of  New  Species  Ann.  Trop. 

Med.  and  Parasitol.  16 ;  213-222. 

100.  Fajardo  P;  Barreto  P;  Suarez  MF.  1983.  Anofelinos  de  Cordoba  (Buenaventura,  Colombia).  Colombia 

Medica  1983;14(2-3):  99-103. 

101.  Fleming,  G.  1986.  Biology  and  ecology  of  malaria  vectors  in  The  Americas.  Pan  American  Health 

Organization  Ref:PNSP/86-72,  Washington,  D.C. 

102.  Foote  RH.  and  Cook,  DR.  1959.  Mosquitoes  of  medical  importance.  Agricultural  Handbook  No. 

152,  U.  S.  Dcpartament  of  Agriculture  Wash.,  D.C.,  U.S.  Government  Printing  Office. 

103.  Forattini  OP.  1962.  Entomologia  Medica.  1.  Sao  Paulo:  Faculda  de  Higiene  e  Saude  Publica, 

Depertamento  de  Parasitologia  343-592  pp. 

104.  Freeborn  SB.  1926.  The  Mosquitoes  of  California.  Univ.  Cal.  Press  Berkeley,  California  3:  333-460. 

105.  Frizzi  G.  1967.  Cytogenetics  of  The  Anophelini:  Theoretical  Practical  Aspects.  Bull.  Inst.  Mar.  Med. 

Gdansk  18(3/4):  121-129. 

106.  Gabaldon  A.  1949.  Malaria  Incidence  in  The  West  Indies  and  South  America.  In:  Malariology  1.  Boyd 

M,  editor.  Philadclhia  and  London:  W.  B.  Saunders  Company. 

107.  Gabaldon  A.  1958.  The  Time  Required  to  Reach  Erradication  in  Relation  to  Malaria  Constitution. 

Am.  J.  Trop.  Med.  Hyg.  5:966-976. 

108.  Gabaldon  A.  1983.  Malaria  Eradication  in  Venezuela:  Doctrine,  Practice,  and  Achievements  After 

Twenty  Years.  Am.  J.  Trop.  Med.  Hyg.  32(2):203-211. 

109.  Gabaldon  A;  Cova-Garcia  P.  1946.  Zoogcografia  de  los  Anofelinos  en  Venezuela:  I  Los  Dos  Vcc tores 

Principales.  Tijeretazos  Sobre  Malaria.  X.(l):  19-32. 

1 10.  Gabaldon  A;  Cova-Garcia  P.  1946.  Zoogeografia  de  los  Anofelinos  en  Venezuela:  II  Los  Vectores 

Secundarios  y  los  No  Vectores.  Tijeretazos  Sobre  Malaria.  X(2):78-127. 

111.  Gabaldon  A;  Cova-Garcia  P.  1952.  Zoogeografia  de  los  Anofelinos  en  Venezuela  IV.  Su  Posicion  en 

la  Region  Neotropica  y  Observaciones  Sobre  las  Especies  de  Esta  Region.  Rev.  San.  Asist.  Soc. 
X  VII.(3-4.):  171-209. 

1 12.  Gabaldon  A;  Guerrero  L;  Guzman-Garcia  M.  1963.  Malaria  Refractaria  en  el  Occidcnte  de  Venezuela. 

Rev.  Venez.  San.  Asist.  Soc.  28(4):513-530. 

113.  Gahan  JB;  Downs  WG;  Celis  H.  1949.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With 

DDT  Sprays  Applied  in  Buildings.  Part  II.  Am.  J.  Hyg.  49(3):285-289. 

1 14.  Gahan  JB;  Payne  GC.  1945.  Large-Scale  Tests  on  Control  of  Anopheles  pseudopunctipennis  Theob. 

with  DDT  Residual  Sprays  Applied  in  Buildings  in  Morelos  Mexico.  Commitee  of  Medical 
Research  of  the  National  Research  Council,  NRC  Insect  Control  Committee  report  no.  1 10, 


147 


interim  report  No.  0-106.  1-8  pp. 

115.  Gahan  JB;  Payne  GC.  1947.  Control  of  Anopheles  pseudopunctipennis  in  Mexico  With  DDT 

Residual  Sprays  applied  in  Buildings.  Part  I.  Am.  J.  Hyg.45(2):123-132. 

1 16.  Galindo  P,  Trapido,  H  and  Carpenter,  SJ.  1950.  Observations  on  Diurnal  Forest  Mosquitoes  in 

Relation  to  Sylvan  Yellow  Fever  in  Panama.  Am.  J.  Trop.  Med.  30:  533-574. 

1 17.  Gamham  PCC.  1948.  The  Incidence  of  Malaria  at  High  Altitudes.  J.  National  Malar.  Soc.7(4):275- 

284. 

1 18.  Garret-Jones  C.  1964.  Prognosis  for  Interruption  of  Malaria  Transmission  Through  Assessment  of 

The  Mosquito's  Vectorial  Capacity.  Nature  204(4964):  1173-1 175. 

1 19.  Garret-Jones  C.  1964.  The  Human  Blood  Index  of  Malaria  Vectors  in  Relation  to  Epidemilogical 

Assessment.  Bull.  W.  H.  O.  30:241-261. 

120.  Garret-Jones  C;  Pal  R.  1969.  Insecticide  Resistance  in  Malaria  Vectors:  General  Review  of  The 

Neotropical,  Paleartic  and  Oriental  Regions.  Cah.  O.R.S.T.O.M.,  Ser.  Ent.  Med.  et  Parasitol. 
VU(l):3-33. 

121.  Garret-Jones  C;  Shidrawi  GR.  1969.  Malaria  Vectorial  Capacity  of  a  Population  of  Anopheles 

gambiae.  Bull.  W.  H.  O.  40:531-545. 

122.  Gast  Galvis  A.  1943.  Biologia  y  Distribucion  Geografica  de  los  Anophelinos  en  Colombia.  Rev. 

Fac.  Medicina,  Bogota,  Colombia  XII(2):5-11. 

123.  Gorham  JR;  Stojanovich  CJ;  Scott  HG.  1973.  Clave  Ilustrada  Para  Los  Mosquitos  Anofelinos  de 

Sudamerica  Occidental.  Mosq.  Syst.  5(2):97-156. 

124.  Gruer  N;  Ousset  JH;  Lopez  Manan  C.  1962.  Problem  as  Especiales  en  la  Campana  de  Erradicacion  del 

Paludismo  en  la  Argentina.  An.  Inst.  Nac.  Microbiol.  1:127-131. 

125.  Guzman  Garcia  M.  1972.  Status  of  Malaria  Eradication  in  The  Americas.  Am.  J.  Trap.  Med.  Hyg. 

21.(5.):617-633. 

126.  Guzman-Garcia  M;  Najera-Morrondo  JA.  1972.  The  Interrlationships  of  Malaria,  Agriculture,  and  The 

Use  of  Pesticides  in  Malaria  Control.  Bol.  Ofic.  San.  Pan.  VI(3):  15-23. 

127.  Hackett  LW.  1945.  The  Malaria  of  The  Andean  Region  of  South  America.  Rev.  Inst.  Sal.  Enfer. 

Trop.  VI(4):239-252. 

128.  Hardman  NF.  1947.  Studies  on  Imported  Malarias:  3.  Laboratory  Rearing  of  Western  Anophelines.  J. 

National  Malar.  Soc.  6:165-172. 

129.  Hayes  J;  Calderon  G;  Falcon  R;  Zambrano  V.  1987.  Newly  Incriminated  Anopheline  Vectors  of 

Human  Malaria  Parasites  in  Junin  Departament,  Peru.  J.  Am.  Mosq.  Contrl.  Assoc.  3:418-422. 

130.  Hayes  RO;  Francy  DB;  Lazuick  JS;  Smith  GC;  Jones  RH.  1976.  Arbovirus  Surveillance  in  Six 

States  During  1972.  Am.  J.  Trop.  Med.  Hyg.  25(3):463-473. 

131.  Hecht  O;  Hemandez-Corzo  J.  1958.  Contribucion  al  Estudio  de  los  Habitos  de  los  Anofelinos  Adultos. 

Act.  Zool.  Mex.  II(6):1-12. 

132.  Heinemann  SJ;  Belkin  JN.  1977.  Colletion  Records  of  TheProject  "Mosquitoes  of  Midddle  America" 

9.  Mexico  (MEX,  MF,  MT,  MX).  Mosq.  Syst.  9(4):  483-535. 


133.  Heinemann  SJ;  Belkin  JN.  1977.  Colletion  Records  of  The  Project  "Mosquitoes  of  Middle 


148 


America"  .7.  Costa  Rica  (CR).  Mosq.  Syst  9(2):237-287. 

134.  Heinemann  SJ;  Belkin  JN.  1978.  Collelion  Records  of  The  Project : Mosquitoes  of  Middle 

America"  12.  Colombia(COA,  COAB.COL,  COM).  Mosq.  Syst  10(4):493-539. 

135.  Heinemann  SJ;  Belkin  JN.  1979.  Colletion  Records  of  The  Project  "Mosquitoes  of  Middle 

America"  13.  South  America:  Brazil  (BRA,  BRAP,  BRB),  Ecuador  (ECU).  Peru  (PER),  Chile 
(CH).  Mosq.  Syst  1 1(2):61-1 18. 

136.  Heinemann  SJ;  Belkin  JN.  1988.  Colletion  Records  of  The  Project  "Mosquitos  of  Middle  America" 

10.  Panama,  including  canal  Zone  (PA.GG).  Mosq.  Syst.  10(2):  119-196. 

137.  Heinemann  SJ;  Belkin  JN.  Colletion  Records  of  The  Project  "Mosquitoes  of  Middle  America"  8. 

Central  America:  Belize  (BH),  Guatemala  (GUA),  El  Salvador  (SAL),  Honduras  (HON),  Nicaragua 
(NI.NIC).  Mosq.  Syst.  9(4):403-454. 

138.  Herms  WB.  1939.  Medical  Entomology,  with  special  reference  to  the  health  and  well-being  of  man 

and  animals.  MacMillan,  New  York. 

139.  Herms,  H.  B.  and  F.  M.  Frost  1932.  A  comparative  study  of  the  eggs  of  califomian  anophelines.  J. 

Parasitol  18:240-244. 

140.  Herms,  WB.  and  SB.  Freeborn.  1920.  The  egg  laying  habits  of  califomian  anophelines.  J.  Parasitol. 

7:69-79. 

14 1 .  Herrera  JR.  1940.  Estudio  del  Paludismo  en  la  Republica  de  Guatemala.  Bol.  Direccion  General  de 

Sanidad  Publica  de  Guatemala  A  1 1:142-206. 

142.  Herrera  S;  Suarez  MF;  Sanchez  GI;  Quinones  ML;  Herrera  M.  1987.  Uso  de  la  Tecnica  Inmuno- 

radiometrica  (IRMA)  en  Anopheles  de  Colombia  para  la  Identification  de  Esporozoitos  de 
Plasmodium.  Colombia  Medica  18:2-6. 

143.  Hill  RB.  1934.  Feeding  Habitats  of  Some  Venezuelan  Anopheles.  Am.  J.  Trap.  Med.  14:425-429. 

144.  Hinton,  HE..  1968.  Observations  on  the  biology  and  taxonomy  of  the  eggs  of  Anopheles  mosquitos. 

Bull.  Entomol.  Res.  57:  495-508. 

145.  Hobbs,  JH.  1973.  Population  dynamics  of  Anopheles  albimanus  in  a  coastal  area  of  El  Salvador.  Rev. 

Inst.  InvesL  Med.  2:  70-75. 

146.  Hoffman  CC.  1936.  Nota  Sobre  el  Anofelismo  en  el  Centro  de  Michoacan.  Bol.  Inst  Hig.,  Mexico 

2(6):  370-376. 

147.  Hoffmann  CC.  1927.  Zur  Kenntnis  der  Anophelen  Mexikos.  (The  Anopheles  of  Mexico).  Dep.  Sal. 

Pub.,  Mexico  XIX:  184-1%. 

148.  Hoffmann  CC.  1929.  Los  Mosquitos  Anopheles  Trasmisores  del  Paludismo  en  el  Valle  de  Mexico. 

Bol.  Dep.  Sal.  (2):3-16. 

149.  Hoffmann  CC.  1932.  On  Anopheles  pseudopunclipennis  and  its  Relation  to  Malaria  in  Mexico. 

Southern  Medical  Journal  XXV(5):523-529. 

150.  Hoffmann  CC.  1934.  Contribucion  al  Conocimiento  del  Paludismo  en  la  Peninsula  de  Yucatan.  Bol. 

Inst.  Hig.,  Mexico  11(1):  1-58. 

151.  Hoffmann  CC.  1935.  La  Formation  de  Razas  en  los  Anopheles  Mexicanos.  I.  An.  Inst.  Biol.,  Mexico 

6:3-22. 


149 


152.  Hoffmann  CC.  1937.  Contribution  al  Conocimiento  de  los  Mosquitos  del  Valle  del  Mezquital.  An. 

Inst  Biol.,  Mexico  8:207-215. 

153.  Hoffmann  CC.  1939.  La  Formation  de  Razas  de  Anopheles  Mexicanos  III.  An.  Inst.  Biol.,  Mexico 

10:347-352. 

154.  Hoffmann  CC;  Samano  AB.  1938.  Los  Criaderos  Invemales  de  Anopheles  pseudopunctipennis  en  el 

Estado  de  Oaxaca.  An.  Inst  Biol.,  Mexico.  9:182-192. 

155.  Horsfall  WR.  Mosquitoes.  1955.  Their  Bionomics  and  Relation  to  Disease.  The  Ronald  Press 

Company,  New  York. 

156.  Howard  LO,  Dyar  HG,  Knab  F.  1917.  The  Mosquitoes  of  North  and  Central  America  and  The  West 

Indies.  Systematic  Description.  Part  II.  4.  Washington,  D.C.,  The  Carnegie  Institution  of 
Washington. 

157.  Kitzmiller  JB.  1982.  Anopheline  Names:  Their  Derivations  and  Histories.  VIII.  College  Park, 

Maryland:  Entomological  Society  of  America. 

158.  Knab  F.  1915.  Notes  on  Peruvian  Mosquitos  and  Mosquito  Literature.  Harvard  University  Press, 

Cambridge  212-217. 

159.  Knight  KL.  and  Stone,  A..  1977.  A  Catalog  of  The  Mosquitoes  of  The  World.  The  Tomas  Say 

Foundation  VI,  Hyattsville,  Maryland. 

160.  Komp  WHW.  1937.  Notes  on  The  Identification  of  Anopheles  pseudopunctipennis  Theobald 

(Diptera,  Culicidae).  Proc.  Ent.  Soc.  Wash  39(6):  157-163. 

161.  Komp  WHW.  1942.  The  Anopheline  Mosquitoes  of  The  Caribbean  Region.  Bull.  National  Institutes 

of  Health  (179):  140. 

162.  Komp  WHW.  The  Classification  and  Identification  of  The  Anopheles  Mosquitoes  of  Mexico,  Central 

America,  and  The  West  Indies.  The  American  Association  for  The  Advancement  of  Science 
(15):88-97. 

163.  Kumm  HW.  1929.  The  Geographical  Distribution  of  The  Malaria  Carrying  Mosquitoes.  Am.  J.  Hyg. 

Monographic  Series  10. 

164.  Kumm  HW.  1941.  The  Eggs  of  Some  Costa  Rican  Anophelines.  Am.  J.  Trop.  Med.  21(1):91-102. 

165.  Kumm  HW;  Bustamante  ME;  Herrera  JR.  1943.  Report  Concerning  Certain  Anophelines  Found  Near 

The  Mexican-Guatemalan  Frontier.  Am.  J.  Trap.  Med.  23(3):373-376. 

166.  Kumm  HW;  Komp  WHW;  Ruiz  S  H.  1940.  The  Mosquitoes  of  Costa  Rica.  Am.  J.  Trop.  Med. 

20(3):  385-422. 

167.  Kumm  HW;  Ruiz  S  H.  1939.  A  Malaria  Survey  of  The  Republic  of  Costa  Rica,  Central  America. 

Am.  J.  Trop.  Med.  19(5):425-445. 

168.  Kumm  HW;  Zuniga  H.  1942.  The  Mosquitoes  of  El  Salvador.  Am.  J.  Trop.  Med.  22(4): 399-4 15. 

169.  Kumm  HW;  Zuniga  H.  1944.  Seasonal  Variations  in  The  Numbers  of  Anopheles  albimanus  and  A. 

pseudopunctipennis  Caught  in  Stable  Traps  in  Central  America.  Am.  J.  Trop.  Med.  39:8-15. 

170.  Lahille  F.  1912.  Un  Anopheles,  una  Stegomyia  y  la  Notation  de  las  Nervaduras  Alares  de  los 

Mosquitos.  An.  Museo  Nac.  Hist  Nat.,  Buenos  Aires  XXIII:  253-263. 

171.  Lane,  J.  1953.  Neotropical  Culicidae,  Tribe  Anophelini.  Sao  Paulo,  Brazil. 


150 


172.  Larde  y  Arthes,  CR.  1922.  Anofeles  de  El  Salvador  y  profilaxis.  An.  Dep.  Nac.  Hig.  XXVIII:  190- 

195. 

173.  Levi-  Castillo,  R.  1949.  Atlas  de  los  Anofelinos  Sudamerieanos.  Imprenta  Sociedad  Filan tropica  del 

Guayas,  Ecuador. 

174.  Levi-Castillo  R.  1944.  Clave  Para  la  Identificacion  por  los  Organos  Masculinos  (Terminalia)  de  los 

Principales  Generos,  Subgeneros  y  Especies  de  Anofelinos  Ecuatorianos.  Universidad  de  Quito 
Ecuador 

175.  Levi-Castillo  R.  1944.  Estudios  Sobre  los  Anofelinos  de  la  Region  del  Milagro.  Rev.  Asoc.  Esc. 

Cien.  Quim.  III(l). 

176.  Levi-Castillo  R.  1945.  A  New  variety  of  The  Anopheles  pseudopunctipennis  complex  in  Ecuador 

(Diptera-Culicidae).  Mosq.  News  V:17-18. 

177.  Levi-Castillo  R.  1947.  Estudios  Sobre  el  Paludismo  en  los  Valles  Andinos  de  Sudamerica.  Rev.  Med. 

Cordoba,  Argentina  35:543-550. 

178.  Levi-Castillo  R.  1949.  Los  Vectores  de  Paludismo  de  los  Paises  de  la  Costa  Pacifica  de  America  del 

Sur  y  su  Control.  Revi.  Kuba  Med.  Trap.  5(7-8):  101-1 104. 

179.  Levi-Castillo,  R.  1944.  El  Complejo  "Pseudopunctipennis”  en  el  Ecuador.  (Diptera-Culicidae). 

Guayaquil,  Imprenta  de  la  Universidad,  Ecuador. 

180.  Levi-Castillo,  R.  1945.  Anopheles  pseudopunctipennis  in  the  Los  Chillos  Valley  of  Ecuador.  J.  Econ. 

Entomol.  38:  385-388. 

181.  Levi-Castillo,  R.  1946.  Une  revue  des  Anopheles  de  l’equateur.  Revue  du  paludisme  et  de  Medicine 

Tropicale  29.  France. 

182.  Levi-Castilo  R.  1945.  Los  Anofelinos  de  la  Republica  del  Ecuador.  I.  Guayaquil,  Ecuador:  Artes 

Graficas  Senefelder  C.A.  LTDA. 

183.  Lopez  RA.  1930.  Contribucion  al  Estudio  del  Habito  de  Vuelo  del  Anopheles  pseudopunctupennis  en 

su  Rclacion  con  la  Lucha  Antipaludica  en  el  Norte  Argentino.  5ta  Reunion  Soc.  Pat  Reg.  Norte 
de  Argentina  712-717  pp. 

184.  Lopez  RA.  1930.  Estudios  sobre  los  Habitos  de  Picar  del  Anopheles  pseudopunctipennis  en  el  Norte 

Argentino.  5ta.  Reunion  Soc.  Pat  Reg.  Norte  de  Argentina  724-725  pp. 

185.  Loyola  EG,  Rodriguez  MH,  Gonzalez  L,  Arredondo  JI,  Bown  DN  and  Vaca-Marin  MA.1990.  Effect  of 

Indoor  residual  spraying  of  DDT  and  Bendiocarb  on  the  feeding  patterns  of  Anopheles 
pseudopunctipennis  in  MexicoJ.  Am.  Mosq.  Control  Assoc.  6:  635-640. 

186.  Loyola  EG,  Vaca,  MA,  Bown  DN,  Perez  E.  and  Rodriguez  MH.  1991.  Comparative  use  of 

Bendiocarb  and  DDT  to  control  Anopheles  pseudopunctipennis  in  a  malarious  area  of  Mexico. 
Med.  and  Vet.  Entomol.5:233-242. 

187.  Mann  F  G.  1950.  Dos  Nuevas  Sub-especies  del  Anopheles  pseudopunctipennis  Th.  1901.  Biologica 

Vm-XI:33-42. 

188.  Martinez  Palacios  A.  1958.  Resistencia  Fisiologica  al  Dieldrin  en  Mexico  de  A.(A.)  P. 

pseudopunctipennis  Theobald  1901.CNEP  Bol.,  Mexico  2:18-31. 

189.  Martinez-Palacios  A  and  De  Zulueta  J.  1964.  Ethological  Changes  In  Anopheles  pseudopunctipennis 

In  Mexico  After  Prolonged  Use  of  DDT.  Nature  203(4948):940-94 1 . 


151 


190.  Martinez-Palacios  A.  1965.  Insecticide  resistance  in  Anopheles  pseudopunctipennis  and  its  Operational 

Significance.  In:Insecticide  Resistance  in  Major  Vectors  of  Malaria  and  its  Operational  Importance 
in  Malaria  Eradication  Programmes  WHO/MAL/482.65.  Geneva. 

191.  Martinez-Palacios  A;  Davison  G.  1967.  The  Mode  of  Inheritance  of  Dieldrin  resistance  in  Anopheles 

(A.)  pseudopunctipennis  and  The  crossing  of  Populations  of  This  Species  From  Various  Parts  of 
Mexico.  Mosq.  News  27(l):55-56. 

192.  Martinez-Palacios,  A.  1958.  Some  Studies  Made  to  Obtain  The  Suceptibility  Levels  of  Anophelines 

in  Mexico.  Seminar  on  The  Susceptibility  of  Insects  to  Insecticides  Report.  PAHO-WHO  Panama, 
Panama. 

193.  Martini,  E.1935.  Los  Mosquitos  de  Mexico.  Dept  Salub.  Publ.  Bol.  Tec.A:l-65,  Mexico. 

194.  Matheson  R.  1929.  A  Handbook  of  The  Mosquitoes  of  North  America.  Charles  C.  Thomas 

Publisher3altimore,  Maryland. 

195.  Mitchell  CJ;  Monath  TP;  Sabattini  CB  et  al.  1985.  Arbovirus  Investigations  in  Argentina,  1977- 

1980.  Am.  J.  Trap.  Med.  Hyg.  34(5):945-955. 

196.  Mitchell  C,  Darsie,  RF.  1985.  Mosquitoes  of  Argentina,  Part  II.  Geographic  Distribution  and 

Bibliography  (DiptencCulicidae).  Mosq.  SysLl7(4):279-357. 

197.  Molez  JF,  Desenfant  P,  Pajo  FX,  Jaques  J,  DY  Saint-Jean.Y.  1987.  Le  Paludisme  en  Haiti.  2. 

Presence  d' Anopheles  (A.)  pseudopunctipennis  Theobald,  1901  Premiere  mise  en  evidence  sur  l'ile 
d'Hispaniola.  Cas.  ORSTOM,  Ser  Ent.  Med.  et  Parasitol.  XXV  2;  75-81. 

198.  Moll  AA.  1937.  Anofeles  y  paludismo  de  altura  en  la  America  Latina  Bol.  Ofic.  San.  Pan  12:  1 133- 

1137. 

199.  Montalvan  C,  Juan  A..  1952.  Campana  Anti  pal  udica  en  el  Ecuador  Metodos  Empleados  y  Resultados 

Obtenidos.  Rev.  Ecuat.  Hig.  Med.  Trop  1-4:  34-70 

200.  Morales- Ayala,  F.  1971.  A  List  of  The  Mosquitoes  of  Peru  (Diptera.Culicidae)  Mosq.  Syst.  3(3):  138- 

145. 

201.  Moreno  Valle,  R,  Suarez  Torres,  G.  1965.  Evolucion  del  Paludismo  en  la  Frontera  Mexicano- 

Guatcmalteca  en  1964  y  Plan  de  Accion  para  1965.  Rev.  Sal.  Pub.  Mex.  VIl(l):33-40. 

202.  Moreno-Valle,  R.  1%7.  Ampliacion  al  Plan  Piloto  de  Rociado  con  HCH  Rev.  Sal.  Publ.  Mex.  IX( 

3):  455-456. 

203.  Neghme  A,  Gutierrez,  J,  Albi,  H.  1949.  Control  del  Anofelismo  en  las  Zonas  Malaricas  Chilcnas. 

Bol.  Ofic.  San.  Pan.  28(2):  157. 

204.  Neghme,  A,  Gutierrez,  J,  Albi,  H.  1949.  Control  del  Anofelismo  en  las  Zonas  Malaricas  Chilenas. 

Rev.  Kuba  de  Med.  Trop.  5(1-2):1 1. 

205.  Noe  J,  Bertini,  V,  Gutierrez,  J,  Neghme,  A.  1949.  Diez  Afios  de  Lucha  Antimalarica  en  Chile.  Rev. 

Parasitol.  Chile  X(l):  5-24. 

206.  Noe  J,  Neghme,  A.  1940.  Contribucion  al  Conocimiento  de  la  Epidemiologia  Malarica  en  la 

Provincia  de  Tarapaca.  Rev.  Chilena  Hig.  Med.  Prev.  3:199-230 

207.  Noe  J.  y  Mann  FG.  1946.  Disminucion  invemal  del  anofelismo  en  Tarapaca.  Bidogica  5:3-14. 

208.  Olson,  JK  and  Newton,  WH.  1973.  Mosquito  Activity  in  Texas  During  The  1971  Outbreak  of 


152 


Venezuela  Equine  Encephalitis  (VEE).  1.  Vector  Potential  for  VEE  in  The  Texas  Rice  Belt 
Region  Mosq.  News  33(4):  553-559. 

209.  Ortiz  1. 1968.  Los  Mosquitos  Anofelinos  (Hembras)  de  Venezuela  y  Procesos  Simplificados  para  la 

Identificacion  (DipteraiCulicidae).  Rev.  Inst.  Nac.  Hig.,  Caracas  Venezuela  I(2):49-74. 

210.  Osomo-Mesa,  E,  Munoz-Sarmiento,  F.  1948.  Una  Nueva  Variedad  de  Anopheles  pseudopunctipennis. 

Caldasia,  Colombia  V(21):  105-1 13. 

211.  Paez  R  1930.  Indices  Epidemiologicos  de  la  Malaria  en  el  Departamento  de  Arica  (Chile).  Rev.  Inst. 

Bacteriol.,  Chile  1:41-48. 

212.  Pal  R.1984  Status  of  resistance  in  Vectors.  In:  Abstracts  XI  International  Congress  for  Tropical 

Medic ie  &  Malaria.  Calgary  Canada. 

213.  Parkin  W,  Hammon,  WMcD,  Sather,  G.  1972.  Review  of  Current  Epidemiological  Literature  on 

Viruses  of  The  California  Arbovirus  Group.  J.  Trop.  Med.  Hyg.  21(6):  964-978. 

214.  Paterson  GCand  Shannon,  RC.1927.  Mosquitos  de  Embarcacion  (Salta)  Con  Notas  Sobre  la  Zona 

Biologica  del  Chaco  (Chaco  Life  Zone).  Rev.  Univ.  Buenos  Aires  XXIV(2):1273-1282. 

215.  Pelaez  D.  1945.  Anofelinos  de  Mexico,  1.  Clave  para  la  Determinacion  de  las  Especies  y  Subespecies, 

Basada  en  los  Carac teres  de  las  hembras  Adultas.  CIENCIA  VI(2):  69-77. 

216.  Petersen  JJ,  Chapman,  OR,  Willis,  OR  and  Fukuda,  T.  1978.  Release  of  Romanomermis  culicivorax 

for  The  Control  of  Anopheles  albimanus  in  El  Salvador.  Am.  J.  Trop.  Med.  Hyg.  27(6):  1268- 
1273. 

217.  Pintos  PA  and  Sabril,  NH.1965.  Infeccion  Natural  de  A.  nunez-tovari  en  un  Brote  de  Malaria  en 

Ausencia  de  Inseclicida.  Bol.  Direcc.  Malariol.  Saneam.  Amb.  5(4):  169-171. 

218.  Pletsch  DJ.,  Neri  Garcia-Aldrete,  A.  1976.  Fluctuaciones  Estacionales  en  las  Poblaciones  de 

Anofelinos  (Diptera;Culicidae)  en  la  Zona  Turistica  de  Ixtapa,  Guerrero.  Folia  Entomolo.  Mex. 
34:  85-92. 

219.  Pletsch  DJ.1979.  Initial  Record  of  Anopheles  albimanus  in  The  Peninsula  of  Baja  California,  Mexico. 

Mosq.  News  39(4): 799-800. 

220.  Pletsch  DJ.1982.  Reconciling  Vector  Control  With  Enviromental  Sanitation.  Bull.  Soc.  Vect.  Ecol. 

7:15-19. 

221.  Pletsch  DJ.  1986.  A  comparisons  of  the  faunal  lists  of  mosquito  species  in  Florida,  Cuba  and  in  The 

State  of  Quintana  Roo,  Yucatan  Peninsula,  Mexico.  J.  Flor.  Anti-Mosquito  Associ.  57(1):  29-32. 

222.  Quinones  ML,  Suarez,  MF,  Fleming,  GA.  1987.  Distribucion  y  Bionomia  de  los  Anofelinos  de  la 

Costa  Pacifica  de  Colombia.  Rev.  Medica,  Colombia  18(1):  9-27. 

223.  Rachou  RG,  Lyons,  G,  Moura-Lima,  M.  and  Kerr,  AJ.  1966.  Synoptic  Epidemiological  Studies  of 

Malaria  in  El  Salvador.  Rev.  Brasil.  Malariol.  e  Doenc.  Trop.  8(3-4):780-862. 

224.  Rachou  RG,  Moura-Lima,  M,  Duret,  JP  and  Kerr,  AJ.  1963.  Experiences  With  The  Exito-Repellency 

Test  Box-Model  OPS.  Proceedings  of  The  Fiftieth  Annual  Meeting  of  The  New  Jersey  Mosquito 
Extermination  Association  and  the  Nineteenth  Annual  Meeeting  of  American  Mosquito  Control 
Association,  442-447  pp. 

225.  Ramsey  JM,  Bown  DN.  and  Aaron  JJ-..  1986.  Field  Trial  in  Chiapas,  Mexico,  of  a  Rapid  Detection 

Method  For  Malaria  in  Anopheline  Vectors  With  Low  Infection  Rates.  Am.  J.  Trop.  Med.  Hyg. 
35(2):234-238. 


153 


226.  Reeves  W  C.  1944.  Preliminary  Studies  on  The  Feeeding  Habits  of  Pacific  Coast  Anophelines.  J. 

Nat  Malarial.  Soc.3(4):  261-266. 

227.  Renfijo  S,  De  Zuleta,  J.  1952.  Five  Years'  Observations  of  Rural  Malaria  In  Eastern  Colombia.  Am. 

J.  Trop.  Med.  Hyg.  1:  598-611. 

228.  Rkxiardi  ID.  1971.  Definition  de  los  Habitos  Alimen tares  de  Anofelinos  de  Guatemala  y  Republica 

Dominicana,  por  Tecnicas  de  Gel-Precipitacion.  Rev.  Microbiol.  Rio  de  Janerio,  Brasil  2(3):  107- 

112. 

229.  Rickard  ER.  1928.  E studios  Sobre  el  Alcance  de  Vuelo  del  Anopheles  pseudopunctipennis  en  el  Norte 

Argentino.  Bol.  Inst.  Clin.  Quir.,  Argentina  4:133-142 

230.  Rodriguez  MH.  and  Loyola.  EG.  1989.  Situation  Epidemiologica  Actual  y  Perspectivas  de  la 

Investigation  Entomologica  del  Paludismo  en  Mexico.Memorias  del  IV  Simposio  Nacional  de 
Entomologfa  Mddica  y  Veterinaria.  Oax  tepee,  Mor.,  Mdxico.  Sociedad  Mexicana  de  Entomologfa, 
pp  15-40. 

231 .  Rodriguez-Perez  M.  A.,  Gonzalez- Hernandez  A  and  Reyes-Villanueva  F.  1991.  Observations  of  the 

flight  and  mating  behavior  of  Anopheles  pseudopunctipennis  under  insectary  conditions.  J.  Am. 
Mosq.  Control  Assoc.  7:  316-318. 

232.  Roman  y  Carrillo  G,  Romero-Alvarez  H  y  Gomez  Mendoza  I.  1965.  Epidemiologia  del  Paludismo 

Residual  en  Mexico.  Rev.  Sal.  Pub.  Mex  VII(4):  501-501. 

233.  Romero-Alvarez  H.  1964.  Comision  Nacional  Para  la  Erradicacion  del  Paludismo.  Rev.  Sal.  Pub. 

Mex.  VI(6):  1123-1152. 

234.  Root  FM  and  Andrews  J.  1938.  Malaria  and  Anopheline  Survey  of  Grenada,  B.W.I.  Am.  J.  Hyg. 

27:549-579. 

235.  Root  FM.  1922.  The  Larvae  of  American  Anopheles  Mosquitoes,  in  Relation  to  Classification  and 

Identification.  Am.  J.  Hyg.  4:  79-393. 

236.  Root  FM.  1923.  The  Male  Genitalia  of  Some  American  Anopheles  Mosquitoes.  Am.  J.  Hyg.  3:  264- 

279. 

237.  Root  FM.  1924.  Further  Notes  on  The  Male  Genitalia  of  American  Anopheles.  Am.  J.  Hyg.  5:456- 

465. 

238.  Root  FM.  1932.  The  Pleural  Hairs  of  American  Anopheline  Larvae.  Am.  J.  Hyg.  3:  777-784. 

239.  Root  FM.  1934.  Abnormal  Parabasal  Spines  in  The  male  Hypopygium  of  Anopheles 

pseudopunctipenni.  J.  Parasitol.  5:86. 

240.  Ross  ES  and  Radclyffe,  RH.1943.  The  Neartic  Anopheles,  Important  Malaria  Vectors  of  the  Americas 

and  Aedes  aegypti,  Culex  quinquefasciatus.  Mosquito  Atlas  1:  23. 

241.  Rozeboom  LE.  1937.  The  Egg  of  Anopheles  pseudopunctipennis.  J.  Parasitol.  5:  538-539. 

242.  Rozeboom  LE.  1938.  The  Role  of  Some  Common  Anopheline  Mosquitoes  of  Panama  in  The 

Transmission  of  Malaria.  Am.  J.  Trop.  Med.  (3):  289-302. 

243.  Rozeboom  LE.  1941.  Distribution  And  Ecology  of  The  Anopheles  Mosquitoes  of  The  Caribbean 

Region.  Am.  Associ.  Advanc.  Sci  15:  98-107. 

244.  Rozeboom  LE.  1942.  Subspecific  Variations  Among  Neotropical  Anopheles  Mosquitoes,  and  Their 


154 


Importance  in  The  Transmission  of  Malaria.  Am.  J.  Trop.  Med.  3:235-255. 

245.  Russell  PF,  West,  LS,  Manwell,  RD  and  Macdonald,  G.  1963.  Practical  Malariology.  Oxford  Univ. 

Press,  London. 

246.  Sarmiento  G.1971  EL  Paludismo  en  El  Valle  del  Cauca.  Act.  Med.  Valle  II:  1-44.,  Colombia. 

247.  Sasse  BE  and  HackeU  LW.  1950.  Note  on  The  Host  Preferences  of  Anopheles  pseudopunclipennis.  J. 

National  Malar.  Soc.  9(2):  181-182. 

248.  Sather  GE  and  Hammon,  WMcD.  1967.  Antigenic  Patterns  Within  The  Califomia-Encephalitis-Virus 

Group.  Am.  J.  Trop.  Med.  Hyg.  4:  548-557. 

249.  Savage,  HM,  Rejmankova  E,  Arredondo-.! imenez  JI,  Roberts  DR  and  Rodriguez  MH.  Limnological 

and  botanical  characterization  of  larval  habitats  for  two  primary  malarial  vectors,  Anopheles 
albimanus  and  Anopheles  pseudopunclipennis,  in  coastal  areas  of  Chiapas  state,  Mexico.  J.  Am. 
Mosq.  Control  Assoc.  4:  612-620. 

250.  Scherer  WF,  Dickerman,  RW,  iaz-Najera,  A.  and  Ward,  BA.  1971.  Ecologic  Studies  of  Venezuelan 

Encephalitis  Virus  in  Southeastern  Mexico.  Am.  J.  Trop.  Med.  Hyg.  6:(969-979). 

251.  Schlein  Y.  1976.  Age  Grouping  of  Anopheline  Malaria  Vectors  (Diptera:Culicidae)  by  The  Cuticular 

Growth  Lines.  J.  Med.  Entomol.  6:  502-506. 

252.  Senior- White  R.  1954.  Adult  Anopheline  Behaviour  Patterns:  a  Suggested  Classification.  Nature  173( 

4407):730. 

253.  Shannon  RC  and  Del  Ponte  E.  1927.  Informe  de  una  Investigacion  Prelim  in  ar  Sobre  los  Anofeles  del 

Rio  Alto  Parana,  en  la  Argentina.  Rev.  Inst.  Bacteriol.  7:706-723. 

254.  Shannon  RC,  Davis  NC  and  Del  Ponte,  E.1927.  La  Distribucion  del  Anopheles  pseudopunclipennis  y 

su  Relacion  con  el  Paludismo  en  la  Argentina.  Rev.  Inst.  Bacteriol.  4(7):  679-705. 

255.  Shannon  RC,  Del  Ponte  E.  1927.  Los  Culicidos  en  la  Argentina.  Rev.  Inst  Bacteriol.  V(l):  29-147. 

256.  ShannonRC.  1930.  List  of  Species  of  Argentine  Culicidae.  Sexta  Reunion,  Sociedad  Patologia 

Regional  del  Norte  494-500  pp. 

257.  Shannon  RC.  1930.  Observations  on  Anopheles  pseudopunclipennis  in  Peru.  Am.  J.  Hyg.  12:442- 

448. 

258.  Shannon  RC.  and  Davis  NC.  1927.  Condiciones  de  Reproducion  de  Anopheles  pseudopunclipennis  en 

la  Provincia  de  Tucuman  Durante  la  Estacion  Seca.  Rev.  Inst  Bacteriol.  IV (7):  662-678. 

259.  Smithson  TW  and  McClelland,  GAH.  1972.  Salivary  Gland  Chromosome  Map  of  Anopheles 

pseudopunclipennis  franciscanus.  Mosq.  News  1:  80-87. 

260.  Smithson  TW.  1972.  Species  Rank  for  Anopheles  franciscanus  Based  on  Failure  of  Hybridization  with 

Anopheles  pseudopunclipennis  pseudopunclipennis.  J.  Med.  Entomol.  6:  501-505. 

261.  Soto  H.  1945.  Reconocimiento  paludico  en  una  Region  del  Valle  de  Medellin,  Antioquia,  Colombia, 

S.  A.  Talleres  Graficos  Mundo  al  Dia,  Bogotd,  Colombia. 

262.  Squire  FA.  1972.  Entomological  Problems  in  Bolivia.  Pest  Articles  &  News  Summaries  18(3):249- 

268. 

263.  Stevens  SJ.  1937.  Observations  on  The  Importance  of  Anopheles  punctimacula  as  a  Malaria  Vector  in 

Panama,  and  Report  of  Experimental  Infections  in  A.  neomaculipalpus ,  A.  apicimacula  and  A. 


155 


eiseni.  Am.  J.  Trap.  Med  2:  191-212. 

264.  Suarez-Torres  G.  1966.  Evolucion  del  Paludismo  en  la  Frontera  Mexicano-Guatemalteca  en  1965  y 

Plan  de  Accion  para  1966.  Rev.  Sal.  Pub.  Mex.  VIII(2):  217-224. 

265.  Suarez-Torres  G.  1968.  Brote  de  Paludismo.  Sal.  Pub.  Mex.  X(4):  465-470. 

266.  Sudia  WD,  Fernandez  LZ,  Newhouse  VF  and  Sanz  RB.  1975.  Arbovirus  Vector  Ecology  Studies  in 

Mexico  During  The  1972  Venezuelan  Equine  Encephalitis  Outbreak.  Am.  J.  Epidem.  1:  51-58. 

267.  Sutil  0. 1980.  Enumeracion  Historica  y  Geografica  de  las  Especies  de  Culicidae  de  Venezuela 

Ordenadas  Segun  su  Taxonomia.  Publ.  Div.  de  Malariologia,  Venezuela  1-37. 

268.  Sutter  VA  and  Zuniga,  H.  1942.  A  Malaria  Survey  of  El  Salvador,  Central  America.  Am.  J.  Trop. 

Med.  Hyg.  22:  387-398. 

269.  Tamayo  MO  y  Garcia,  CA.  1907.  Las  Aguas  de  Huacachina  Informe  Presentado  a  la  Sociedad 

Geografica  de  Lima.,  Mem.  Municip.  Lima  1-67  pp. 

270.  Tartarini  S.  1966.  Descrizione  Delle  Ninfe  di  Alcune  Specie  Anofeliche  del  Peru.  Parassitologia,  VIII 

1:47-75,  Roma  Italia. 

271.  Theobald  FV.  1901.  A  Monograph  of  The  Culicidae  or  Mosquitoes,  Vol  II,  British  Museum,  London. 

272.  Tonn  RJ.  1983.  Recent  Developments  in  Latin  America  and  The  Carribbean.  Bull.  Soc.  Vec.  Ecol. 

1:3-22. 

273.  Ulloa  M.  1989.  Malaria  Erradication  in  Chile.  Parasitol.  Today  2:  31. 

274.  Unti  O  e  Ramos  AS.  1941  Anofelismo  das  alturas  no  Brasil  meridional.  Arq.  de  Hyg.  e  Sau.  Publ 

7(15):  91-106. 

275.  Vargas  L  y  Marti nez-Palacios  A.  1953.  Algunas  Observaciones  Sobre  Distribucion  Geografica  y 

Variaciones  Estacionales  de  los  Anopheles  del  Noreste  de  Mexico.  Rev.  Inst.  Sal.  Enf.  Trop., 
Mexico  4:  321-330. 

276.  Vargas  L  y  Martinez-Palacios  A.  1949.  Los  Anophelinos  del  Sur  de  Chiapas,  Algunos  Datos  Sobre 

Biologia  y  Distribucion  Geografica.  Rev.  Inst.  Sal.  Enf.  Trop.  3:253-260. 

277.  Vargas  L  y  Martinez-Palacios  A.  1955.  Distribucion  de  los  Anofelinos  en  Mexico.  Rev.  InsL  Sal. 

Enfe.  Trop.,  Mexico  2:81-123. 

278.  Vargas  L  y  Martinez-Palacios  A.  1956.  Anofelinos  Mexicanos,  Taxonomia  y  Distribucion.  Secretaria 

de  Salubridad  y  Asistencia  y  Comision  Nacional  para  la  Erradicacidn  del  Paludismo,  Mexico. 

279.  Vargas  L.  1939.  Datos  Acerca  del  A.  pseudopunctipennis  y  de  un  Anopheles  Nuevo  de  California. 

Medicina,  Mexico,  347:356-362. 

280.  Vargas  L.  1939.  Notas  Sobre  La  Quetotaxia  de  la  Larva  del  Anopheles  pseudopunctipennis  de 

Temixco,  Morelos.  Rev.  Inst.  Sal.  Enf.  Trop.  1:79-99. 

281.  Vargas  L.  1940.  Clave  para  Identificar  las  Larvas  de  Anopheles  Mexicanos.  Ciencia  2:66-68. 

282.  Vargas  L.  1940.  Clave  para  identificar  las  hembras  de  Anopheles  mexicanos.  Rev.  Inst.  Sal.  Enf. 

Trop.  2:99-302. 


283.  Vargas  L.  1941.  Anopheles  pseudopunctipennis  willardi  n.var.  (Dipt.  Culicidae).  Rev.  Soc.  Mex. 
Hist  Nat  1:7-49. 


156 


284.  Vargas  L.  1941.  Anopheles  pseudopunctipennis ,  Theobald,  a  Vector  of  Malaria  in  Mexico.  Am.  J. 
Trop.  Med.  6:779-788. 


285.  Vargas  L.  1941.  New  Variety  of  Anopheles  pseudopunctipennis  (Diptera.Culicidae).  Bull.  Brooklyn 

Entomolo.  Soc.  2:73-74. 

286.  Vargas  L.  1941.  Nota  Sobre  los  Huevecillos  de  Anopheles  Mexicanos.  Gaceta  Medica  de  Mexico  71: 

107-123. 

287.  Vargas  L.  1942.  Las  Hembras  Americanas  del  Subgenero  Anopheles  (Dip.  Culicidae,  Anopheles). 

Rev.  Inst.  Sal.  Enf.  Trap.  1:67-74. 

288.  Vargas  L.  1950.  Le  Paludisme  Dans  la  Region  Frontiere  Du  Mexique  et  Des  Etats-Unis.  Bull.  Org. 

Mond.  Sante  35:647-657. 

289.  Vargas  L.  1959.  Lista  de  Anopheles  de  las  Americas  y  su  Identification  por  Carac teres  Masculinos. 

Rev.  Inst.  Sal.  Enf.  Trop.,  Mexico  4:  367-386. 

290.  Vargas  L.  1962.  Analisis  Entomologico  de  la  Transmision  de  la  Malaria.  Medicina,  Mexico  902: 

437-445. 

291.  Vargas  L.  1976.  Criterio  Epidemiologico  Para  Valorar  las  Pruebas  de  Susceptibilidad  de  Anopheles  a 

Insecticidas  y  la  Importancia  del  Fenomeno  de  la  Exitacion  que  Produce  el  DDT.  Bol.  Direcc. 
Malariol.  Saneam.  Amb.  4(363-366). 

292.  Vargas  L.  1941.  Detalles  Morfologicos  Poco  o  Nada  Conocidos  de  Anopheles  Mexicanos.  Ciencia 

2:66-69. 

293.  Vargas  L.  1940.  El  Indice  Maxilar  en  Algunos  Anopheles  Americanos.  Rev.  Inst.  Sal.  Enf.  Trop. 

3:75-289. 


294.  Vargas  L.  1976.  Nueva  Lista  de  Especies  de  Anopheles  de  Mexico.  Rev.  Invest.  Sal.  Pub.,  Mexico 

36:87-91. 

295.  Vargas  L.  1938.  Observaciones  Sobre  la  Prcferencia  Alimenticia  sanguinca  del  A.  pseudopunctipennis 

en  Temixco,  Morelos.  An.  Inst.  Biol.  IX(  202-208). 

296.  Vargas  M.  1961.  Algunas  Observaciones  Sobre  los  Habitos  de  Anopheles  (N.)  albimanus  y  Anopheles 

(A.)  punctimacula  adullos,  en  la  Localidad  de  Matapalo  (Puntarenas)  Costa  Rica.  Rev.  Biol.  Trop. 
2:153-170. 

297.  Velimirovic  B.  1965.  Anatomia  de  un  Brote  Malarico  en  un  Area  en  Fase  de  Consolidacion.  Bol.  Ofic. 

San.  Pan.  5:395-404. 

298.  Villalobos  EC  y  Valderrama  AD.  1944.  El  Anopheles  punctimacula  en  el  Peru.  Direccion  General  de 

Salubridad  Servicio  Nacional  Antimalarico,  Lima,  Peru,  1-12  pp. 

299.  Warren  M  and  Collins  WE.  1980.  Anopheles  pseudopunctipennis:  Laboratory  Maintenance  and 

Malaria  Susceptibility  of  a  Strain  From  El  Salvador.  Am.  J.  Trop.  Med.  Hyg.  4:503-506. 

300.  Warren  MW  and  Collins  WE.  1975.  The  Seroepidemiology  of  Malaria  in  Middle  America.  I. 

Longitudinal  Studies  on  Populations  in  a  Low  Incidence  Area  of  El  Salvador.  Am.  J.  Trop.  Med. 
Hyg.  5:740-748. 

301.  Westphal  EA.  and  Horton  RK.  1946.  Malaria  Control  Work  in  Chimbote,  Peru.  Bol.  Ofic.  San.  Pan. 

9:796-809. 


157 


302.  Woke  PA.  1947.  Arthropods  of  sanitary  importance  in  the  Republic  of  Nicaragua,  Central  America. 

Am.  J.  Trap.  Med.  27:357-375. 

303.  World  Health  Organization.  1980.  Resistance  of  Vectors  of  Disease  to  Pesticides.  Technical  Report 

Series,  World  Health  Organization,  Geneva. 

304.  Young  MD,  Stubbs  TH,  Ellis  JM,  Burgess  RW  and  Eyles,  DE.  1946.  Studies  on  Imported  Malarias. 

4  The  Infectivity  of  Malarias  of  Foreign  Origin  To  Anophelines  of  The  Southern  United  States. 
Am.  J.  Hyg.  43:325-341. 

305.  Zozaya  C.1943.  Paludismo  y  Arrozales.  Rev.  Fac.  Med.,Colombia  11:448-476. 


